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Tx«n»port phanonona in (a«iibr«n«s hav« aequirad consld«r-
abl« ligriificdno* duxing th« las t two d«G«d«s b«e«ut« of i t s 
dlr«ct impact in d«ft8lin«tion, ion swtsor taehniquoi, fu«i c«il 
tochnoio^y* alactxlcal storage battaxias* biologyt mxlieina 
«ici in savoral othttr procasaas. Tha invostigators froai varioua 
(tiaciplinaa* a.g.» chaedsta* chaBieal* anginaarsy nathanatieiana, 
phyaieiata and biologiata hava eontributad axtanaivaXyt aithough 
tha ain and starting points hava baan qulta diffarant, Tha 
litaratuM in thia fiald i s anoxnoua but not vary ooharant. 
In ordar to aubatantiata tha findings of transport 
studias of naadronast tha thaais has baan roughly dividad into 
thvaa ehaptarst although a cartain amount of ovarlap has occurrad« 
Tha flrat chaptar consists of tha praparation and 
avaluation of affactiva fixad charga dansity of parehnant 
supportad coppar arsanita» coppar suJLphi(to« coppar chrcsiata» 
coppar hydroxida* iron sulphide md agg shall (Han agg and Duck 
agg) Manbranas. Tha nanbranas hsva baan usad to saparata various 
111 alaetrolytas of (^ffarant coneantrations and tha nambrana 
potantial saasuraSMnts hava baan ttada in an isothansal condition. 
thm nasbrana potantial data hava baan usad to dariva various 
MSBbrana parwetarat vis .* charge density, transport number of 
ions in MtsUirana phase and the penselecUvity of the iieBibranes. 
t i i ) 
Th« eff«etiv« fixtid ch«vg« <i«ntity of th« •iM)hr«n«s, 
whieh i t an iaporttfit p9tmmt9t govviniiig mmhtm* ph«n6»«n«, 
has b««n «valu«tttd by ut l l i i ing th« fundanantai concept of 
T«or«ll» Mayor and ^«v«r« and the raeently d«tf«io|i«d thaora* 
i leal •quatlona of KoiMtaka at a l . and Tasaka at a l . t basad 
an tha pfinciplas of irrevaraibiLa thanodyntfilca. Tha thaora. 
i leal ac(uatlGns hava l>»an axaralnad for thalr validity to tha 
•yat««a undar Invaatlgatlon. Itia chavga danalty valuas, 
darivad fron dlff«r«ni iiathods ^tmrtt found to ba eoaiparabla 
and tha ihaoratlcal pradletlona wara bom out qulia aatlsfactorily 
by tha axpacimanial raaulta. 
Tha aaeond ehi^tar daaerlbas tha aiiaeifie conduetanea 
iiaaaunManta of paxehaant aupportad Ivan aulphida «id eoppar 
araanlia aattbranaa aqulllbratad «4th dlffanKit concantratlona 
of unl^unltfalant alactrolytaa at dlffarant taaiparaturaa. All 
tha »aa8usanants wara nada at a flxad fraquancy of 1 K.Hi. 
Tha sanbran* conduct anea data hava baan uii l lsad to ealeulata 
various thaasodynasilc paraiaiarst vls«t anargy of activation Hat 
enthalpy of activation A^» entropy of activation A% and tha 
free enazgy of activation A ^ , by ap^yln^ tha theory of rata 
procaasas in order to understand the ionle transport through 
the iraebranee. The results Indicate that the »eabranes are 
«ieaicly charged in accordance vdth the studies of sesibrane 
potentials and the ionic species retain their hydration shell 
( i i l ) 
•U««tt p«rUaIly mhlle dlffualfig through the iraabrima ports. 
^•9«tiy» /^ v«lu4i« suggest that ths partial inBobilization 
of ions takas piaca eiost probably ^m to intarst i t ia l pazMsation 
and ionie intaraetion «dth tha fixad t^ti^m groups of aafelirana 
skalaton. Tha intar ionie aqitiUbritNl Jusip dlstanea. dt has 
baan oaleulatad. 
Xn tha third ehaptart tha naasuraotants of rasistsnca 
and eapaoitanoa of parohirant suppoitad nickal phosphata, cobalt 
phosphata snd a eoMpLax nick«L«cobalt phosphata Manbranaa. 
aquiiibrat4id vdth diffarant eoneantrations of potassiuM ehlorida 
and at various fraquaneias hava baan earriad out* Tha aiaetricai 
aiiuivalant circuit and tha eonplax iMpadanea spactra for all tha 
•aaibrana»aLactraLyta systaM has ba«i analyaad fron tha data* 
th* axtant of daviation of tha eoMplax isipadonea spactra of 
•snbrfln».aloctroi yta systams fro« tha idaal casa of aolid wooth 
alactroda surface in contact ndth panatrating alaetrolyta* has 
baan attzibutad dua to tha rou^^viass and non»hosioganaity in 
•taabrana phasa* Calculatad valuas of loss angla confizw this 
non-ldaality of tha »aabrtfia alactxolyta systsMs. Tha prograasiva 
doninanca of intarfacial doubla layar c^adtanca ovar spacific 
gaoMatilc capacittficat atlaast in diluta eoncantration rangast 
has ba«i intarpratad in tazaia of tha incraasad doubla layar 
thiolmass* 
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Th« staadily ddtorldtirtg conditions of hxsn&n 11 f« in 
c i v i l i z e d ar»as have isuch diodnishdd the nu^bors of those «^o 
onc@ considejTod th« chief aiia of science to t>e the uniioited 
»ii3^u94tion and transformation of nature. The osain importance 
of science« of course* n&var lay in ^ i s area and in the 
proc«»9& of shaking a Esora tho:»M»9h unct«rst^^ng of nature. 
i d w i t i s t s ba\fe Ci>nstdrttly isdtated nature, especial ly l iv ing 
nature. This direction appears ^^en more promising at the 
present tim i^ since the ar t i f i c i a l t o o l s , aat»riais» or 
processes dtiveloped are not only useful in themselves but, 
in additltm, provide models vthich on invest igat ion, provide 
a deeper understanding of the natural phenomena. 
Mei&brane (^enocena i s a note«>orthy product of t h i s 
philosoi^y sinea the transport of materials across natural 
or a r t i f i c i a l cptombranes has captured the interest of chemists, 
ch^nical engineers and b i o l o g i s t s . CheRjists and ch^iical 
engin^sers twould l i k e to underst^id the mechanism of transport 
so that v>ith the kriot^ledge so gained they would be able to 
fabricate mesibranes of any desired property or properties t o 
be used in fuel c e l l s , nuelaar technology, elc^ctxrodlalysls, 
ion s e l e c t i v e electrodes, brakii^ v^ater coiw^rsitm and in nany 
oth«3r processes. J i o l o g i s t s , hoibever, «uould l i k e to use 
ar t i f i c i a l iswibrdnes as a simple leodel in order to understand 
^ e behaviour of complex bicmeiabranes in t^nss of e s tab l i^ed 
phYsico«-ch^ical principlas. AS a r«rsult, a huge volume in the 
l i t e ra ture , related to tr<jrtSport phenomena across ar t i f i c ia l 
mmnbTmo* is available in vajdous dd»ciplln@s of ftcienc« and 
ts^mology, ilk© anaiyUcal chaKifitry, physical chaedatry, 
d ie^cdl phynicst sol id s tats physics* ch«6dcal engin««rinQ» 
Mophyiict, Mologyt phyfilola:jy and d«sdlin«tion. 
I t i s too catanaive to mention the Vihole l l teratux« 
dttscilbinc} r4m,)brtmd phenoffi^na. The slc|i^iflcant ^ork in the 
f ie ld of ei«ct«o<*«mi stry of Bi»oibr«ne» are by Heiffei lch (1 ) , 
fcierten ( 2 ) , Klaxinsky ( 3 ) , Clazke and Hachfaansohn ( 4 ) , jpiegler 
( 5 , 6 ) , Hope ( 7 ) , ?lcn«y ( 6 ) , Lakshminarayanaiah {9 , iOj , cole 
( i i j , !»teln (12) , Gaplan .md l^ikuleeky (13) , :^andblap and (jume 
(14) , parlin and firylng (15) , Kotyfc and Janacak (16) , VariiB 
(17 ) , jchlogi (18 ) , a i t t e r (19) , and Keller (20 ) . Ninerous 
r e c ^ t volumes de^iribinc) th^ electrucheiaittiy of mecabranat 
have Oean editced by Kotyk and Janaeak (16) , U.aensian (21) 
Danialll and HDsenberg (22; and Durst ( 23 ) . Ion sen&or tech« 
niquea are no«; suiifici^mtly advanced to have been discussed 
rec«f)tly at several national and international ctmferences. 
th i s f ie ld has also been the subject of nuc^rous general 
i^ vi@v<« (24«4<.)), and as many specialized raviev« [(Theory (41); 
industrial applications (42)s a ir snd v.at««r pollution (43i»45;{ 
tcMicolony laid hygiene (46); analysis of scdl WKi vjater (47«50)| 
pLatinj the sugarbeet indt«try (SI) and phaxeaceuticals 
(52, S3)J-
W. ostt i^d (54) in V-M<0 founded the #l'»ctruch9fnistry of 
mes^ranus siy considering tha properties of semipenm»able 
3 
mmtixm** that i s * on« «Moh i t imff mmtiliLm to certain kinds 
of ions. Th« oloetzio petsntial diffoMnoo on meh a aswtirsno 
i s s l i« i i t in9 cass of th« |>ot«nti«l diffororico at l ieiuid-l iquid 
int«rfaett ^m% th« i&olillity of ana kind of ion appcoachas z«ro. 
A w a l l nuRbar of pamaating ions panatrata through tha 
intarfaca and fozna m alaotxicai douiila layar «<liich i s tha 
sourea of a lact i lca l potantial diffaranea, Tha eharaetaristies 
and axistanoa of Donnon (57) aia»te«na potantial could tm 
piopaciy vaciflad for porous arasiliranas* Taorail (9e)» Mayor 
and Siairars (99) hava gii^sn tha thaory of naabrana potantial 
applieahla to porous or compact o i l typas of wasibrwias^ In 
t«»«ntias and th i r t ias« nodals for biological aaoibranas wars 
lookad ^H»cially iyyMichaalis (95) and iiollnar ( 9 6 ) . Daniall l 
and Davson (60) proposad a thaory in which tha naeibranas of 
ca l ls wars praaunad to hava tha natura of vary thin csoipaet 
l iqu id aamlirxias ecsipooad of biaoKacular layars of phospho* 
l ip idSt Govorod on both tha sidas by a protain layar . ttuailar 
m4 CoMMorkars ( 6 i ) obtainad for tha f i r s t tiisa vary th in* 
a r t i f i c i a l t biaiolaeular black* phosphiklipid WMbranas. 
A Msttbrana* i n slsipla tazsis* i s dafinad as a phasa* 
usually hataro9«iaotts» acting as a barr iar to tha flaH of 
nelaetilar or ionic spaci&s prasant i n tha l iq idd or vapour 
contacting tha two surfacas. Tha taxsi hataroganaoua has baan 
usad to indicata tha in tama l physical structura and tha 
axtaxnal physioo<»ehaHical parfoBsanca (62«64). Tha notien 
4 
of lioMa9«n«ous vs. h»t«ro9«n«out famnbxmv prov«« to iim m 
ii^porifiiit dlatinet&on from t h * point of ¥l«M of »«•« trtf isport. 
In dl luto taLution l l a i t » th« fjdetlon cooffieiont for ouiss 
tr«i«port by diffusion or ralgration arm inconv«rtibi» by 
cmtagar r«eiproe<d rolatlons and both cm bo rvlatod to juap 
diattficot «nd fr«ctu«neio« aceosdln^ to randoa walk «od«is. 
At long as th«r«i ara no prafarrod raglons of lonf fx iet iun i n 
tha sianOsrina, i t i s isotrofiic on a noiaeular laval and i s 
conaidarai to ba honoQanaous. IMifosnity of nesh c^ a flH>locular 
l iquid i s anothar viaw of hottoganiaty. Channal fraa solid and 
l iqu id Bwnibranas (c^^aront gala and o i l typas) ara usually 
hf»io9aneous and low f^asa naisbranaa (sol id c iys ta l l i t aa 
ittbaddad i n a non^ionic raain) ara hetoroganiKNia. 
Masibranaa arm conaidarad to ba porous or nonporout 
dapanding upon tha axtant of solvant panatration ( 6 5 ) . At 
tha nan poroua axtrana ara CMiibranas v^ieh ara non ionic and 
contain nagligibla tranaportabla apaciait at aquili^ziuM* 
CariHicst quarts* anthraeana crystals and taf lon f i lna ara 
tha ax«H3ias of a d i d sMSbranaa. Orgffiie l iqu id f i l t ia l i k a 
hydsocarbons and flourocarbons in contact «dth aquaoua alactro» 
ly taa ara tha axaisplaa of l iqu id aaaytiranas. At tha othar 
axtrasa ara tha porous stanbranaa, atiich can ba advatad and 
« l l l contain coMpofiants froii •Ktoznal phaaaa. Aaiong thasa 
ara tha non-4.onic f i l ns such 9» callqphana* inorganic gala 
and looBmly c<»^ |3ra@aad poMders in contact «idth aquaoua 
r 
solut ions . Ihes^ St t o z i a i s adsozi) sc:4vent froei the surrourvtiing 
BOiiia >^ nd i%ay also extract othar n«utrdl eoi«»eul<3S '^T\<i ionie 
s a l t s . llor« ttuctimi are th# msfTibran s^ of p^yai0ctrolyt«s» 
aqu«ous iH'Msclbilo organic l iquid e lectrolytes ( i , 9 , 3 1 j 
Yarious parchii« i^»t sup^rt^d inoz^^aiic precipitates ( 6 6 - e i ) , 
•olldi i c^ cor)fiuctin<9 dl«ctrc4yt«s including s i l ver halid«s« 
rsrs earth flour!das ^nd alkali and aluBinosi l ieate glassas 
(2d« 24, 02, 83 ) . All those Dtiterials contain ionic or 
ionixable groups vdthin the &diaorari@s «i<hich are capable of 
transport und$.«r diffttsivs or a l se tr ic f iald forcas. In 
addition, ^ d s a materials possess por>.>sity. polyelrfctrulytas 
tand to s«s(«ll r ^ i d l y by sol/innt uptake. LiqMid ion (wchanciars 
are V€»ry alovi to take up t.ater «^i le inorganic s a l t s hava no 
tan<tency to hydrato. Glass trjarabranas ara coispl icat^ by 
siiBUltaniHMS hydrolysis of the polyoioctroiyta ciuring uptake 
of tedtar (84 , 85 ) . 
fits important eharactoristic of «»lactrolyt« tuaisibrdnes 
i s lUia prasanca of ch^irgod s i t M ( 1 , 86, 87 ) . If th<» ionic 
groups are fixed in a mombrana as «-3[^ and '^'AAT attached 
to cation <mchanga rasins , the Gieasbrane i s eansi<i9rad to possess 
fixed s i t e s , in g lasses tha fixe ; s i t e s are -^o** v^id AIO* 
groups «^ile in anion axchd«i9e raain meiiibranas l^asa are otflt ^ 
>|W2»~^~* "^^ moEsbran^ ss having fixed ionocjanic ^iroups exclude 
cOi-dons by alt^ctrostatic repulsion. The extent of exclusion 
i s governed by thc» concantration of the axtwanal e lectrolyte 
and the e^at^tude of th«? charge fixed to "^e Oiacjbrana matrix. 
Thar© v4i i b& a m^i^t numti^ r^ of colons than ccunt^rions b^ 
m mmffit e q u l t o th« rnx^ibi^e of fixad :jr(^ps In ioiv>«xchin<?0 
jT.oJioi'an^s, Th'^  t . t lstinct o»tv>»6*n colons and countf^rluns dons 
not s x i s t in norwion 6'xchar,g« ciQmbran»». Th« trdr^sport of 
nofw«sloctrclyt#3 i s i^ov<immd by th» r a id t lve s lz^s of {>«rtR«ating 
ap*cif*3 .«td th*» fctorsoruna poff»s i r r e s p e c t i v e of th«» nature of 
th# trjc^oronw, Hov -^^ vt-r, i t 1& d i f f i c u l t t o find a m©Bbran® 
»ith6fr fwtur«l or u r t i f i c i d l th.^t vvould be fr»« from carryinq 
iuno^t^nic ijrou,^» « i#«!r flxad t o the 1^r»« dlmenaiondd i»eeibrt«« 
CTsatrix 33 3«-^ n in v.c»ii dhsrir-jct^-x-ized icn-^xch.*)^© jiuxribranas or 
adsurb;>d <^ 3 found i n coi io ida i syatf^.s {B&), 
The (ttffusioh C'>»fflci«nt In ffi«tibran<» ph&s« d«pand» on 
th# ad26 of thti solvat^d i o n . Tb« ob»«rv»d atiK^enc« of tcobliity 
for til kali R^^tal ions i s in the ord«r Li >Ka >IC* ^ i b * >cs* . 
Tha r€ft^iNU>tiun ificri'^is'S ds the valency of th® Si^^cies i a 
incrcK>3«ci. This <>rfiGCt i s mora marked for counter lans in 
CdtioT) ^x€^'itvjuFQ t> Mi i t is for coMit^rlona i n anion •xcH,^g#rs. 
a«3t,nrd»ition i s sitrorKjor for C'lAant^'riona than for colons . Thia 
sis^^a fru;. th^» oi^ctrv^stfitic attrviction %h^ countoriona hava 
for t h s opiX»»lttJiy charged fixed groups v>f th« rrj«C(brdrv«. For 
cuiona thora i g no -tiuch attrsctlctfi* i;»l»ctiv» m^mbrsrufs 
i n v a d a b l y cont^-iin Dure t.«itor th^Jn rionwS(''i.>.«ctiv« mmsorBnc^, 
i t i s , th^r^ffor*?, t o >^« «X}j*jct«d on th« baaia of th« pr»s«nee 
of hydrdt«»d chaygtsd qtQup>& ttst tiift diffuaion co»fficii>nta in 
a^ i i c t ivo B5«»br,tfjaa **iii »>@ l^axg^r, T^#sa p a r t i c u l a r propert iea 
ar» of c^>n8id*»rK>if? induatxia l iapor t i i ice t aa thsty determina the 
ul t imate us«fuln«ss of thtt ft3«mbr«M i n i ndus t r i a l diiilysift or 
ei^ctTOdialysis (8§ , 9 0 ) . 
A £,^«]brane can a-a c-atayiosi xed itccotdincj t o wh»1^#r i t 
contains a i t«3 fur ion ^»€hm\qu or i t i s sit^a fr«« and i f i t 
i s an ion fl9tch,ifK|9r» according t o vsli«th^r i t s s i t « s arv Crss 
o r (mobile atid vJhatbiiir th« s i t o s <irsd tJ ieir countsr ions are 
associated or d i s soc ia t ed . This typo of c i d s s i f i c a t i o n has 
boen pr^s^ntdd by rjls^ncion, jandlalaBi and w i k ^ r iB9) . Thoss 
authors h.iva* hovs'9V<i»r» r e s t r l c t o d t h o i r discussion t o ci^adran^s 
latios^ p;op^rt i0S &m c(msidN>red t o ise ht3^ oQ»f>e<Mis in th« plans 
of th<^ (*-ai*3r«>»* crfwi h*«ro <svaid«d <L^«ijiicltiy «f4th th-» coG^pi^ '^ xi-' 
t i e s ^.bich r«}@uit isfum ^dther (Qosaic Etentbranest i n n^hidi local 
eddy current occur (86) o r Sdxlss tsamaranQS in v<hich spac<r«-
chAr9<e z ^ i o n s '>ia9t ar>^ai<H«8 t o those at a p^ f^i se{9)l«-conuiuctor 
Junction ( 9 0 ) . Lakshrr.inarsyandi^ (V) has given a clasfeifiCcJtion 
of . iTtif icicl cu^ a23£'3no& on th» oas i s (»f the r sac t ion involvsd 
i . ^ . t ad«tition o r condsnaation r eac t ion . 
Tf\e e f fo r t s of var ious workars ^«va tw«n d i rec ted 
to*^<3jrclsi {,k) pr*p*ailrKj cj«iiB£>ran#9 <r.ith good ch:?«bical tsnd srecha-
n ica l s i taa i l i ty *md f w<Airtibl@ <»1 metrical performance su i tab le 
for fundamontai t ru^spurt s tudies and fur sosie i n d u s t r i a l u t i l i t y 
such as the t reats , jnt of drakii^h viater, s a l i ne teat«r cc^version. 
e t c ; ( 3 j buildirsi &ult^i3l» c^od^s for iJi«jc>©ffibr«i«iesj|::> prepiirlng 
coejposite B.on:oram^» c<4»taimn^ cati<»iic or anionic groups in 
s u i t j ^ l ^ arriiirj^m'SitX t o study the physico«i«^i9!»ical phemiroena 
0 
«8aoci«t«d «dth t h * rsct l f leat lan of «!tempting eumr i t «nd 
oth«r M B b r m o for ^>«elfic purposas. C A I I U I O M ac«ttft« 
•«riir«n«s und«r varyiim condltlofis hav« bMti u«»d i n rvcont 
y«ars to undorstand tho nocliAnlaB of vi»t9X fiowi. MXayvr 
»«aibr«n«»t f i r s t pr«p«rod tiy Miiollor ( 6 i H havo alnost «id<toly 
boan uaad a« aodai for l iv ino oaXia and tho sttidlaa hava givan 
aoaawhat a battar undarat^iding of tha atnictura and function 
of tha natural saaibraRaa. 
A nuMbar of intoraating phanoaana auch B9 alactrooMosia, 
alaetrodialyalat hyparf i l t rat ion or ratMirsa oaKoaiSt thaxsal 
difftiaion potantial ote . ara obaarvad lihan varioua daxlving forcaa: 
(a> diffaranea of ehai^cai potantial y» (b) cttffaronoa of 
alaetroehaHteaL potantial 8» (e ) diffaranoa of prasaura p 
iffid (d) diffaranea of tanparatura T oporata aiBMltanooualy 
or aaparataly on a •anbrana a^parating ti«o aolutiona* In ordar 
to undaratand tha tr«napoxt phanosana across tha nanbranaat i t 
i s naeaaaary to bacoaM aequaintad «dLth two basic phanaaMna 
occuninQ at tha intarfaoa batwaan tha ti»o alaetrolytas. F irst* 
tha diffusion potantial* which i a strongly raflactad in» for 
axMpla, tha licpiid Junction potantial md raaulta fros tha 
di f farant aiobii i t ias and eoneantrationa of tha iona i n tha 
lAactzolyta i n contact, sacondlyc thara i a tha Donnan potantial* 
which rasults fron coaplata hindaranoa to tha transfer of ana 
or BK>ra kinda of iono aezoas tha intarfaca batwaan tha two 
alaetrolytas. Sasad on various idaal nodala. a nuaOMr of 
0 
'^•or^itleaL aj^proachds have iason maim t o ^:count for th«i t r a n s -
por t of material a across trioirtbranas. 
jArmmms^, ^m^^r ui^m^ ^r%/fm* 
This theory troat.»a tr^^iiport processes ^a banri€*r 
e<Nntzioll9d kSr»«*tlc *»V0rits occurring a$>c|u(mtlaJLiy in 8p«3c« ••Ithin 
tha ffiiwebrand. R>r a sor iea of ttarrif^za across «<Mch a continuous 
Hux occursi r e l a t i o n s can i>a darl^md t o axpn^as flux in t&sms 
of coneijntrations Jus t Ins ld* the Riati.brane surf . )cas . For n 
dac r i a r s of a<Yual hoiq^tt ^mdi spacing ona obtains tha t r i v i a l 
r a s u l t t 
*^»r« i** i 8 the in t e rna l p>iSBe»a5i.llty, CT a«i G*" «ir« thss 
concifi trat ions in f i r s t ^m nth t>arriar» Considering the sur-> 
facs proca-^S9S to oe da t^n^nod ay r a t a constants K and K » 
«liich teiust be assumad t o oe non saro «(ith th&ir r a t i o , K A * 
K ^» the t txtrsct icn co^ff»ci«fnt, has b&&n r»lat<»d t o th© 
i^)p»tm\t ovtirali p ^ m e d o i i i t y , 
P - D/d ( l A ^ n t • 2^V<«^ >'^ . . . (2 ) 
v^an K f^ itd K ars sn^»41 compos red v i t h U/d, then t^a panaas* 
iHl i ty p • K A » ^ « ir. 'tttreatinq f^  ^tura of t h i s ana lys i s , 
«liich VNcis la t&r i n p r o v ^ dr»d g<dnarali2«d t o includa flim li tnlta. . 
t ion by Mtazrtal coiHsentration po la r i za t ion ( 9 ) , i s th.i t tho 
unloailSnti rst^ c&nstirit» K. » dkM» not affe^ct p»£@>i£»^ili.ty. 
A i»al l K^  at cc»«»tant i^ «ir.i^y m««P!» tha t tivBt extraction 
«N|tiliil>z!Lix& favmira th» KiB»ri>r4m#. Th® £KiVdiKt^ « of the sc 
eali#d kim^tlc an^dydis of ui«iiiiorarv6 transport i s that i t 
provides m o^#rvi^«« «ilthi^uit th« intro<dU«Btion of spociflc 
oodBlft for forces 4»fKl 9f^tmM funetlorift* yn ^ « oth«r hund, 
nil* paraii*«t«*r» ar© introduced .vstj ar© i>l«t«?4 to the othf»r 
dettiir knoivR f|u<»ntities. 
At tho K0st moat g*meral and abstract I P V ^ I , r^ithout 
r^^ard to th« stxuctura or ch«£iicai. f««atur@ft of a >aa&ibrane, th« 
fluK of fSAtt^r and w «^<r9y con 09 found in tenss of tho 'foreAS*^ 
dhia to pr^asurti* tasti^ar^tyz^, act ivi ty or potential differ»nco 
aexosn thin (or d5 ff«rort t i^} eteniljranes* The ctro&s th(>rmodyn»» 
die •*forB®«** (^ j5_ *" ler.eicallxaa fare®, «xcept t^a^xToture dS ff#rw 
«fi6*) are tvrittsm as 
X,^  « - T A (/I,, / T) j X j , « - A ( l / T ) . . . ( 3 ) 
the caaterial Hux of *? *c^  spocies i t h r o y ^ k i s 
and th^ £LUK of an^^rgy i s 
^u "^  | - 4 k ^ k * 4 u ^ u . . . (S) 
The proportionality factors batv.««n ©ach partial flux cjntriljution 
it 
mA th« foxc«ft af the set of unsagcr coaffeci^ntt* L*s*whl^ 
i s «quival«nt to systen response functions ands 
4k - 4i* 4u - *-ui ••• ^^ ^ 
fkor « syBMsetiic set of equations «d.th n forces, there srs 
only l/2n (m*!) independertt coeffecients* Ihesd forces are 
not arbitraxiiy Jefineci but sre deducevi froa the general 
wpressicn for entropy prodluction (rate of change of the syst«x& 
entropy) as the nystufli appxoachiM ec^librluiB. unsager 
reciprocal relations provide regorous connections betv.aen the 
friction coeffeci^nta dnd between the system fespunses under 
reciprocal (cufijugate) conditions, i . e . , 6mm\ relations^such 
as pressure differ^^^ees ^kzislng fron current flaiK« current 
aziaing froa a pressure differencst etc . 
AS a nil e, the un eager coeffecients, or quantitites 
related to th«iii&, are kno^ n for single forces; pressure, 
tesiperjture, eoncmtration or potential differ»r%es. KoMnrer, 
to obtain the syiat etrlc foae, linear eonbinations or trwis* 
foxmations of sii^pLer fluxes are invariably needed. The new 
Qnsager coeffecients then becoise coisbinations of simpler 
eoeffecients. The povver of irreversible themodynanics i s the 
ability to interpret the unsager coeffecients, relating forces 
and IIuses in cosplox systees to the sii&pler friction coeffecients. 
A Bost coispr»h«insive «atpezlmental. «nd ^^oretical treat* 
sent of tr«msport across {aembranes usin^ the irreversible 
; ^ 1 ^ 
thoxeiodynacaic analysis i s that ay Moars, Ittaln find D«RSon ( 2 i } . 
Th« exeoll^rtt quality of v^ oxk Is th« systamiatic prs^ntat lon of 
fomts for th« flux squatlonst < (^ole«>s of forces mvi flux«s in 
rag^id to 9ii3« in n»i.^tlny tn^ d^sured responses to cnsa^er 
coaffici jr;ts, M^ d r#l«tions of re lat ive fr ict ion and tjns^gsr 
co«fflci^^ite. They advocato tha procedure of r«v^r^<Mi of ths 
phdnomtMioiapical equations in th« forei 
vicM<^  i s c lose ly r^(>t@d to the usual <^p@rimdntally 
acces^ibio fr ict ion Goefficl^nnt iBodels. 
At constant tai»p»rature» expesl^ental values of i sro 
curr<»nt fluxes ot sa l t and solvent are detexi&lned for unsyes-
metzlc t3jthinj solut ions . Hlsctroosffiotie flux of solvent i s 
detexmlned as ar9 tracer diffusion coeff ie ionts* Ihcxgsrs 
possibly c4ght itm^ of data) (1) e l ec tr ica l conductance, 
( i i ) ionic tr(ins}.»ort nte^bor* ( i l l } el«»etroo«s}Qtlc flis(» 
( i v ) sa l t diffusion fluk, (v) voluiie or solvent oaisotie fliM, 
(vl> CGAtftteir ion tracer diffusion co&fficl^nt, ( v i i ) eo->ion 
tr<3C0r diffusion coafficient* and ( v i i i ) vdurae floiv under 
hydrostatic pressure difference. Fran ««peritfientdl fluxes of 
species under a given s ingle gross th<^ =i&c<iynamie force, 
v a i o d t y t»sns ^re coeputed and oth^r transport paraaieters 
are derived. 
13 I 
I t may b« Gientlonod her* th«t th« discipLiiMi of 
irroversiUo thexeiodynaBiics providtts a praeisa m«th«6iatlGal 
daAcxlption of th« pxoc«9£»<Hi of tr^riaport unci diffutlon in 
manbrane systaeis. I t s application to mmtbrmm proeaaaat i s 
natural dav«lo{si«nt of tha tiaaie the^ory of onaaQar {91) «iliieh 
has liaan davalopad by atavemsan (92)« ICadsei (93)t Katehalaky 
(94), caplan ( id ) , Maars (9d), ipia9l«r (S» 7)» Hastogi (96«^), 
Kizkniood and oth«»rs (9^» lOO) in an axtansiva and aitpanding 
iit»raturo. 
(c) m^ f^m^my^mi ^mns^ uf mm^ mmm* 
Ths Naxnst-iFlanek flux aquation (9)» in i t s noat ganaral 
foxffi, i s consist ant «»ith the irraversitila thamodynanic flux 
«ss 
•^ i • ^i %^- - ^lSo^/s% • c*<riri7//« • 2^  F/m, c- ^ V» • 
c j / RT (^i-«i/K;^w^ £rF/<f» . . . (8) 
%«h9r»7^.^dw (wRC ^ V ^ x - i^F/cTx) . . . (9) 
i s tha soivant transport voiocity for a Ba*nd>rana containing 
s i tas . Tha Kost ai^pii^ad fosn of tha Mznst^ianck flux 
aquation for a aingia ion i s 
This foaa i s the usual atsrUng placa for tha calculation of 
concantration* field and potenUal profllas within a nas^rans. 
4 
cuzrent d«nsltie» In ths ab««ne« of intvractions b»t«»«n 
specios* v i s . , ion pal sing, etc . ar» giv«n byt 
Time dopendencos foXIo»>^  from continuity condition 
^ 1 S l / ^ t « - K6^1^/S^if> ) . . . (12) 
Ihe second toztr; of equation (JUL) i s a foz&s of Poison's ecAjation 
v l i i^ accounts for spac9 chszg* duilt-iup at tha surfaca dua to 
curriant flo«v. Ua«» of N«xn6t«> l^anek ociMati<ms in staady stata 
unifoos(constant ccApaaition) alaetvoXytaa laad« to all of tha 
clasaicaL transipozt ralations. 
9ov4?raI isil^stcma* in tho a{^icdtion of tha ttMidaxd 
fora of tha i^«F aquation and in tha intarprotatlon and modifi-
cation of tha t^iJi? aeration lauat 5a eaentionad. Tha first i s ^ 
integration to ciive manbrana potantiais in t«^ rias of dxtemal 
ionic act ivlt ias , t^a hiiitocic Taor»ll-4aay0r»alavars aquation 
(98, 99« 86, B7), v^ hich ttoseribas tha ^eeibrana potantial for an 
ion ^ch«mga maoibrane bathad in «ni«»univaiant alactrolyta of 
diff@r(4nt act ivi t ias . Their rosuXt includas tha sita cancan* 
tration sptK:lficaliy and allm*9 for co»ion trai»port. It covars 
tha ranga fxGtn high «it« dansitlas, p#nas«laetiva eia(«br«ia« to 
aita fraa maraoranes. ajbsaquantly ^atchard (XOI) darivad an 
aKprc»8sion for tho eombrena potartial, aaain for imi-univalani 
ol actrulytti>8« v^iic^ includas an intogral involving transport of 
sotlvant. 
I'J 
Closely jndat«€t siethods uMd l>y th«oi«tical eh«c)ic«l 
«miit««r« to ci««c£ilM ia«abriin« transport a«« inB9d on tuining 
the Nomst-r'ltfiek oqustiorts of motion in»i€i» out* Theao 
•qtt«tion«» lan<3«Mn as t^^ fiurwi^ aiciiieli 9«|u«ition»9 «B60iant for 1^* 
iMtion of the cantsv of m&na of the Oim^ran» .^ aystt® and 
mowo a «»urc« of eoncontratlon (top«nd«nc« l^at QMi««ir(»d 
tcllffusion co«fficl«^ts vdll othez^ilco ^ow ikhsn esmawur^ in 
« lidiorotozy eoordinatd systsBi. For «ach of n nobiid spsoiss 
in on9 din<iriftion«il flon* 
(HT/D^j X^} ( ^ - t ^ ) , • . (13) 5^  
«#i«r» Xj, i s molo fraction, C^  i s th« eono«ntrstion» in mol/em , 
V|^  i s th« partial oolar volmae, vT andiT aro tho obsanraMa 
spool iMi valoeit ias, J*s ar« ustua auxas in laiK>ratory eoordlnstas 
and O s^ ara stafan^Mieail diffusion eoaffioiants. Thasa 
aquations ap^y to closa systaisis. !•#.« tha total raass of a 
systio including oathing solutions and uisabrdna raeiains constant. 
Hacant mtampl99 of this approach are reportad in papers 
i»y Light foot (JUXS) ind Ciasslar (IJ03)« A eharactaxl stie faaturs 
of this aathod, as ^ith tha entirely C(on si stent irrev«rslbla 
i.0 
thaxntodyn^&lc dpprodeht i s th« i«rg« niiBii«r of transport 
patm^t^f %4hieh tdk« into account into motions aiaong aovin^ 
mvA s tat ic eoffiponents. 
Tti9 mc t^ important study of t«*chnic^es» ba—d on 
Pl«ijel*s ,>xoc«durd» for intiigration of th« standard Nomst* 
Planck equation syst^ac, appliesblo to liquid junctions and ion 
aKchangs mse^brands. I s by ^tchlogl (i.04). His intogration 
pcoeodur» givos tiNs liffuslon potsntial in taxms of th« flusas 
m\d interior aurf<ice car^sntrations, and i t qivas fltstss in 
t»x»s8 of interior aiffusicn potential and interior surfacs 
eonc4intrations» t^thout th« conaldorotion of solvsnt transport. 
1h«i po^Hxit ««tiilo coiBplicstadt ! • quits gsnsral «nd appLicsbls 
to systai^s involving ions of varloua cbargss. A comprshs/isivs 
account of Nemst-Pl<inck flux equation i s avail sills in ths bock 
by LaksNainarayanaiah (9,1CI> and in recant rsvisM of Suck (64). 
A m^abranet in tha light of th® th^ o^zy of rate proessssst 
can ba thou^t of 99 a Svi^ xios of pot<@ntial bsrriars sxlstin^ 
ono bahind tha oth^rt across iMNieh material oftist pass in ordsr 
to cross tha macnbrans (iOH^ XQ6» iD7)* To do so tha pan&asting 
sp6cies tiaust hav« a ninimuni amount of on^irgy. For n ec^al 
potential enaxs^y barzlars ona can obtain tha rata of diffusion 
of tJhff sp«cias in forH<}rd diraction as 
Uf • Kid^i (wolaculss/oi^) V (14) 
i i 
«dh»r« Ki i t V& spf^dfic vtaiodty or sstm constat for 
crossing harder i» Ci i s th» coiie<intratiGn of ths subttsm:* 
at th^ i th position in th«a memUvmw and 7\l i s ths distanes 
betiraan tho adjaosnt potential barclars. According to th« 
1^«ory of »99oIute rat« prucffss* 
Ki - K < kT/h) e - ^ V ^ ••• < *^^  
«hdrd K i s tha transnission co«fficient Introduced to alloM 
for th& poss^ibility that not t^ Viory aetivatsd aoleculs r«a<^in9 
th^ top of th« b&nri^r mov<»8 along th& pathtsay* Uwialiy* « 
v<iLii» of iffiity i» assuB«d for K ^hidh ^pp»ars to bs tru» for 
etost proces8«8. k i s th« iolta»ann constant* h i s tho PlancV 
constant* and/sGl i s th« frc»t» anargy of activation nacassary 
fco crussimj th« b»rtieg i« 
alc^iidity tho rato of baekivard diffusion ovar tha 
barrior i i s 
The net rato of diffusion of fiuK i s 
J « K^Gj>ij - K^^^ Cj^^ >^^^ . . . (17) 
If IP.® aaauEj» th.*t K^ "" •^ j+x " •^  **** ^1 •• \ > » • ^# *^*«'» 
• - K >\ (C^ - q^^) • -K ^C^*.A'<;i ) / A ) • K;fdc/dK . . . (18) 
v^«r« the diffusion coafficiant D « ICA « 
' rs 
Smr^ ral lrtv«stiQiatorti hav« a|:^i«d th« t^«ozy of 
^solut« roactlan tsXm to tli<i diffusion processes in Btmnbranss. 
i^MoIinski, Bydng sfid iissM (i£)5) consld«£«d ths cUffusion 
procassss as on* of the iaasic phanfin«n« for sustaining ths 
growth and d«v«Lo{3Mant of plants m\A organ! 9IM« Thay pr»santad 
a data! I ad kinatic appcQ c^b to diffusion Ktiich clarlflaa eauch 
ostaMlihad concepts dnd pi^i¥idas iepatus to a fr(»8h jq»proach 
to tha prol»l«»« in the Ciaid of ixloiogicaL diffusion. Tha 
aosoluta raaction rata traatisMtt providas a genarol unified 
point of via«i appLicaiaLa to systaei of varying cNmraas of 
cofitpia^ity. I t i s ac^^ly adoigi/taiA^ to the treatment of tha 
pezBiaaMiitias of Aao^ranes to electrolytes and to non-
electrolytes under the deriving forces of a cor^  ant rati on 
gradients* activity gradianta and tha aKtaxmal and internal 
potential gradients. i:vfolinski, Hyring and taasa (X03) 
treatise on Bacibrane diffusion* i s biased on tha 'activated 
state" or the "traf^aiticm stata^ ^aory. 
Laidler and ^luller (i<3B) have also treated the kinetics 
of mmei^s&n^ trttfisport under steady state conditions. Itiay 
araploy sinilar principles and AKpress the rata constant of 
the overall process of surface penetration in tezms of a 
nunber of specific rate constants. Various apad^A cases 
%t9 considered and discussed with r«»f<»rence to the en peri mental 
data. They developed flux e<m<itions for solv^mt and solute 
especially as a function of the o«Botic and hydrostatic 
pressures across tha maiabrane. aaeently, Tien and Ting (iO¥>) 
1 *J 
hm^ apliiiod th<i thvoqr of asiaoLut* i««ctlan rat * to d i f f y * 
•ion pTOcaasas through Bil^yer Lipid &Sanbran« (aut ) m)d hav* 
d«ilV0d Various th{»ji;;odynaiiic quiAntiti^s i i k « ff«ii &nstqy of 
aetiV3tl(»^t onth^py of activation and antsopy of activation 
ate . Thaaa thes&odynotdc paraG^atars hava l»aan utiliascKl to 
pre-lict tha eachanlsD of ion transport t h r o u ^ l iv ing syata^s. 
^ a r t from tht» thc»oratical. treatmants uaad in tha 
invaatiQation of ^aeibrona a)fatasi«« ona of tha vkomt itaportant 
approadN i n mambrana atudlaa i a IJta aiiplieation of alactro* 
chanicai pslnciplaa. SLactsodhafiiatry in ciaiiiiirana atudiaa 
i a p€»rtin«Hit c^ t three lav&la ( € 4 ) . ijne i s tha davalopmant 
of tachniqu«»s «ath appLieatiafi to axpariGeantal phonommoiogy 
including curr«Mrtt»voIt^fh.tieea««oncantration liahaviour. A 
aacond i a mat^cxsutical eodaiiing impliad hy axparlnant and 
taatad ag dnst "sap^rlmant. Th9 ^Urd level i a axparimantal 
vadtLcat iM) of model a in taix^a of tha c^oLacular procasaaa 
and proparti^a «Hid in<u.udaa dat^zbination of thaoratieal 
parao^ftars by alactr ical eiathoda and by coMplinantary non* 
a lac tdca l mothoda; physical» opUcal* esr» nbr» aaaian. 
flor#sc<ffico» T«>iuK'>p tachnicuM ate. From transiant and staady 
stata maasurec>(mt of currant or Baolirana potantial »9 a funci«> 
t ion of <^«sQical coGr<position» chaaical traatmantt and 
t«Bp#ratura» tha rola of kinatic and equilibxlun paranatars 
can iM daciueaci or In farrad. A poaaitil® approach to modelling 
iHtgins ¥ . 1 ^ the assuRiption of Iha marabrtfia as a l inaar systam 
to «hich I«N» of ntttfktozk theory ^«r ^ «ppli«d. Ansthor 
b«9ins t»y aoiution of b<islc <il«etxo~dlffy«i«n !«*« of tr«ntport 
%4th equli ibi iun or k in9t ie Dounctcy contiitiana i n o n ^ r to 
doduce fozos for syst^ci functions viKieh ft«tiafy t h * data. 
Th« Rilo of th« liciuid filffia adhoring to th« oMciirmo 
i s a coHBHX) foaturo to «L1 tho diffusion psoeossos. tho 
dlffusion^d. £1UK may b# controllod «lth«9r tiy tho a}««ibran« or 
liy tho l iqu id layers the layer across i^ieh ttia sla»ast rats 
of ft I'M occurs a»t«]»in@s tho cvarall rats of d i f fusion. 
Sosidvs thass «Ktriaas« the coupiad B)aaibrana«fiiBi diffusion 
machanissi raight also op@rata to control l^ia rata of paiiaea«» 
t ion across tho e^amorana. 
ITw racognitiort of ^ a asistanca of a "Uiin l iqu id f i l t t 
iMtiraan tha bulk solution and tha iaaat»rana faca h«i lad to 
at t inpt to iastlmata i t s thicknass. Xt i s d i f f i m i l t to naka 
a diract fSdusuriBi^it, iiut i t s thieknass has t»aon astiaatad 
from kinatic itaasuraaants. Fatorson and (Iragor ( i iO ) sppliad 
Namst-4>1 ofick flus aquation to tha systasi (O.OOi M KCl) ^ 
saeibrima ^{O.iXik It mj¥j^) and calculatad tha f i l a thieknass 
uaimj iioth anion ma cation aschanga staihor^nas. Thay Eiddsurad 
tha fluK of K cation or Gl anion at di f farant t ina intartfals 
and olstainad tha i n i t i a l flux by ^trapoLstion to zaro tioia. 
i t i s ap^isrant that i t i s not posaHiia to complataly gat 
xid of thaaa adh^rlrx) l iqu id filias ioy s t i r r i n g , iivan by blotting 
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m aquilibratod a«fabranet th« liqMid on «ither aicto of th« 
BHffibr^ tf fturfaco cuuld not tio c(»pL«t«iy zanovcd. (llii»elc«uf 
<«Hi t^atts (Uli) M-U&iatad tha thleknMs of this adhering 
film to od adout 1 |t» Thciy idao su9^ftt«d tho pos»ililllty 
that this tdijht oa th« liquid proaont in tha alexopona on tha 
aurfaca of tha mmiMcMf* 
pother e^ t^hod to astiaata tha thidinaaa of tha liquid 
lay«»rs haa bean su rK»st^ liy c»lnsiiur9 and Katahalaky (142)* 
I t conaiftts in dat^ ^rKlniny tha soLuta pajaaairiaiiity through 
ti0o saiiibrdnos inda,>ondaf)tiy» NsKt* tha mmalatmmm axa anrangad 
in sasiaa and than tha overall pecnaabiility i« R«MUfad» 
Tha relation of overall pexeaaliility to tha (laiaaalil-
l i t i aa of the different ^scients in aarias conatitilting ^la 
BKi^rane sy»t<iBi has t>ean daxivad iiy KadMe and Katchalsky (113)* 
A sittilar s t a t i o n i s aiao dadvad lay Ginii»ax9 and Kiftchalaky 
(112) for th<» system ccsipoaad of a ©araftrdna iMttndad on aitMr 
aide by unstirred liquid layers* 
Kinetics of dif fusion in 9«neral hm been treated in 
great detail by Half fori ch. MathQB«tieal theories and 
oKpezimental procedures for lietesainin^ self diffusion eoeffi-
<£iimt in ion exchange realns« be^ KiSt rods* ribbons and membranes 
are discusaad at length, doth Kelfferieh and T«dner ( l l4 ) 
h^ nre reviev^ed the early woxk cocmected i».ith self diffusion. 
there »^mi% to ije l i t t l e ir^ ork d<:;f^ e on non-oicmexchanQa o^ eiRbranes 
'-'•0 
but fxcm th« 6onsidert)tloii of ion mt^ango iBeeit»ranc»»» • 
9«neral umiarstaiiding of hoM non-oialdctiva isMibranet control 
self dlffU9ion» i s possii3i«. 
A ci^sa of r^ ar.brands v^hl^ presant interesting p«zno»» 
txLlity ch<^rdct<?risties hdve oe«n inv^stigatsd tiy a group of 
Indian workers. 7h«is« cs«Nsi>ranas ars fozmsd froti inocqanic: 
pracipitstas ( i i S ) . ^ isotonic sueros* mathod dua to v^aisor 
(116) «ias spployad to ctaasure eLactn^yta transfar« This 
laathod «^ as later r#placad {»y a constant flo»6 t(»i^niqiaa and tha 
pamaaMlity of a number of aloctzolytas was laaasuMd using 
vsJdous inorganic pracipitata aiae^ branas • Thase inorganic 
precipitatas iMinq of a eolloidal natura aKhiMtad vary strong 
adsorption charact^zi sties* Mamiirana potantiais arising across 
thasa Eiaebranas miret also r>#asurad m^i ralatad to tha paxmaa** 
U i i t y parsnatars by a Praundlieh adsorption typa a<iuatian 
g • sp^^ , . . (19) 
«hara & i s tha c^^j^r i^a potai^tiait P i s tha pazBiaability» a and 
n ara constants characterising tha s^ aeitirana «4ii4^ vtara avaluatad 
graphioaliy. 
Zn this thasis . tha proparation of pareNsant supportad 
inorganic pr^eipit^sta irt«c^ r<iNnas and tha evaluation of transport 
paracftfttars ara dascribad. Itta discussion has nainiy baan 
rastxictad to ccsm anting on oniy a fmu points eoncaming tha 
foilovving ionic procassas in tha awB^ntsw systaaa *litoMbrans 
phfimxnani^  • 
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ftl«abranir {a) Ionic trarsport *fliix*» {b) tt«abr«no potential* 
(c) ELttctxical con<kictivlty» <d) ionie distribution •quiiibria, 
(a) ^at ia l distribution of ions and tha potantl^ within tha 
sMMibrana. 
tha i»«kbr»MMMilaetrolyta systaia haft baen eonsiderad to 
contain cOi»iQns« coi«)t#ziof)t wata sr)d tha oae i^rano Biatrix w^ieh 
carziad fisad ionoganie grtxjps and aiteludas tha posaibility of 
ehamicdL raaetion «d^in tha asetRbrana* Tha siaeibraRa matrix 
has baan consld#r«d to ctxisist of fisad charga and adjaeant 
polymar sagmants vMch tog^tlier constituta tha rapaatad unit 
of fitatrix* I t i s , tharafora* possible that kinatic coupling 
intaraction of a^ibrana matrix nviXi ineluda not only tha 
ocntzibiitiofi of Hxad eharga but also spaed fie polkya^t affacts 
i f such aicist. Although i t appears tK/m aarliar studias that 
such affacts aSQ maali {iL7mkl9}m 
C^aptar f irst daals t%ith tha aaasurasant of nat^rana 
potentials across parchsKMnt suf^xirtad cof^ter* hydroxidSt 
copp^ r^ ».lpliida» coj^sar srssnita« coppar chtonata, iron 
sulphida and agg t^ell mseiaranas using various i t i alaetrolytas 
at diffarant eoneantrations and undar isothaimal conditions. 
Tha oambnma potantiidl tUtta hava baan usad for tha av^uatlon 
of thazmodyndEiiicaliy affactivri fixad charga dansity as luall 
as to mgmin& th@ validity of tha raeantXy davaiopad thaorias 
for otai^rana pot<3ritial Indtxiing thoSa Siaaadt on ^ a prlnciplas 
of irrev#rsibla thanbodyni^t^. 
Ihv 8«eoiid eh«{it«r ccfioistt of th« e^asyjnnwnt of 
sp«eitLc con€iuetanco of icon » t d ^ d « arvl cu i^pdr «r««nit« 
mfliilijranosin curttaet ndth 4lkali«««ital chloridi*s at differofit 
cemc^ntratlons and t«c^ratu£@ft i n ^M«r to lfW9»ti9«t« t h * 
BMidiiinifla of diffusion of airaplo salts thsou^ thorn, Vdzious 
themodynsB&e |i47«B«t9rs v is * * S«» A H » A Q » A41 and <AISO 
tho int«r ionic Juesp cUstaneo *d*» K«ro evaliiatad usinci 
Afxhonius and aytinq oquation basod on th« tj5®oiy of rato 
prE»:ossos. The effect of incroasing di lut ion and crystai lo* 
graphic radi i of va^ous cations on tha ionic transpoxt 
thzough tha tumsbTtmem hmf b&an stud!ad and diSGt»aft«d. 
tha th i rd ch^t«>r consiftts of tha praparation of 
parch»m)t suij^ poHod nidtal fihosphate* coOalt phosiiiata and 
a Otifspi^ K nidtaI«<obal.t phoa^^ata raanbranas* Itia ^lactrioal 
rasistmnca arsd eap^(^t4Sicia of thasa marabranas a<|uilibratad 
'9^th di f farent concantrati<ms of potasaius dtlozida and at 
various fr«?c!usncias hava baan earriad CHit. Tha impadanea 
charactazi sties for a l i tha SiaMiranaMilaetfOtlyta si^tasis hava 
baan pl.ottad and ooeiparad idth ^ a idaal isipadivwa spaetra for 
a «3iid alactcttlyt«««ar)ductor interfmsa. The astant of davia* 
t ion has be«n diafussad i n tasnts of ttia variation i n alactrocte-
alaetroiyta douMa layar Cji^pacitanca wdth fnMiuancy and Uta 
pfobaiila aquli ivaiant c i rcu i t for m«»br«na<«alactralyta syatofB 
hm baan astaolishad. 
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a.acTHKC/«. pormnifL^i MH RacieNitY Dgvm.a>io THBORIES 
t^ h«n « mmiismtm soiiaratos t«o solutions of ths saeis 
sisetrolyti i taut of d i f f« f«nt con«sr)tr«Uans» th9 transfer of 
th« «^ setrDlytn frosi th® cuneentrated solution sids to 
tho dlluttt solution sids takss placo. Patth^imotmf i f one 
ion SHavss f«st3>r ^inn th« othdr ion of opposite ehargst ^ ^ 
soparstion of eh&t^^m takes place setting up an «leetsic f ie ld 
(diffusion pot^^ntiol) mhicH SIOIMS down the faster ion and 
acoslerates the aiovt^r i o n . Ih ls meohieiiaBi maintains &l<&GtTQ-
neutra l i ty . Bvan ^ttxiqh no electr ic f i e l d i s ieposed» an 
fliectnc potential exists regulating the fLoe^  of ions throu#i 
the Etei^sene. The eagnitude and sign of the potential depended 
on the n a ^ r a of the Btanlirane and the pezcieatiftgi species* I f 
the mmtattm0 carried no fised charget the potential i&as only 
due to l iqu id junction potcmtial* l&hereaSt i f ^ e oiMiibrane 
carried some fixed ohaxgest the magnitude of the potential 
was detezstinod kff the concentration of the sKtemal solution 
0)d I t s a i ^ iiy the nature of the fixed <^arge« The presence 
of the charges on the eie^.br^e say lie attributed due to the 
actoorption of surface active ions frtMS the solution or f r m 
tlie presence of ionixable groups <i)» «#iiGh arm a part of the 
igeeiilirane structure. The vtoxk of Soilner and of others has 
shown that for nitrocei iulose, the eleetoeotive act iv i ty was 
due to the end aid stray earboxyl groups of the nitrocellulose 
(2»J«4«6). The meralirane eay toe cation or anion selective 
depending upon the negative or positive sign of the fixed 
charge groups on the Kesiiirane, 
A» a cc3naequar>c« of the tlmmd ch<iZ9*« an tho porm 
iurf«e«* a dtffua« «L«ctxic«L double layer i s foxned in th« 
¥ieliilty of th« poro surf^tc* (7)« i . t t . , a nNUCNR of th« 
4iLeetrolyt« in «liich m spae» charge i s foziMd by m SKC^SS of 
ions »4th th« oi;M<>slt« sign to that of th« flx#d ehdirgos. If 
this r(»gion i s auost^intiaily s^sliar in ^Asnsloiis than i s ths 
pox« rsdiust ths pr«s«nce of fixsd ehargss ^11 not sffoet 
th« peffieatHlity of ions through th« meabrdn*. If« hcm^fmt^ 
tho diffusa QtloctdcaL double layer thicl(n«iss i s c«»|>sr«bls 
«ith th« pore radius or i f ions of Oj^josite sign f i l l ths pors 
coBi{]|.»t«lyt tJt\&n ths B«»bran» bocooias panscalftctiva for ths 
ions f i l l ing thu p o n s . Than ths ions of opposite 8i9« (1 ••• 
of tha smia i^ i^ n as tha fisad ehargas) paztaaata throu<|h tha 
etaeOyrana only « .^th difficulty (7»8)« a^ introducing a change 
in tha pora siza or a changa in tha diffusa alaetzical doulda 
layer thieknaas (« l i i^ can ba affacted by a change in alaetro* 
lyte concantration)* ti» maGsbr^ ie propartiae can iM> changed. 
Tha alactsical potential distribution vdthin tha 
Benbrane mam qualitativaly characterised by Sollner (7) with 
the h^p of the three region concept that, in the neoibrane 
solution ooundar^t phase potential difforances are foreied while, 
«vithin N^a mecabranot a liquid Jtaieticn potantiid iQ>pears CUNI 
to thm tUffusion of ions trough the caanbrane. ih is concept WM 
qualitati^'oly aKpressed by Teorell {9) and stayer and :iiavers 
( iO ,U} . 
35 
The oldctxicail pc»t#nUalfi asiiiing across an ionic 
GMB^ toano sAparnting diffosmit &alt solutians ax* utuaily 
moaaurad tiy constxuctin^ ceil a of tho typa* 
r)af#renc« Solution i m^mbemm IScAution n»feranGa 
al^tzoda I ai act ztjda 
k' — '' , ,..^ • 
Ol^ctroda Dcnnan P i k - ^ « ^•^f^* 
pot. pot. alon pot. P ^ ' P ~ ' 
Ttte aaxii<»at aystematic eaaauraeant of tsm^ranm 
potanti<d vvara jnada tiy ^Uchaaiis ( i2) and taaim later eonai* 
darably addad to by 9QiXn<:^ r and Gragor ( i3)t Karahall ( i 4 ) , 
and lay MarshaLX and Ay^ra (JL9) ««ho uao i eolXodian and £aoLita 
iDacndranaa raapactivaly. i^ylXla and Patnoda (hJb) uaad hataro-
ganoua riacdranas &m!^ ^ ieil»addln<| ion aKc^anga rasin tiaada in 
inart tUndara. Hilla at al ( i?) uaad ft^ ^ iFoXymethacrylic 
acid) D«.branas and maasurad i»ai6brana potantiaXa with KUH 
•olutiona ualng rav^raibla H9«4^ g|U alactvodaa. 
Tha afflClancy vdth tr^ hid^  a tBrnmbramm transports 
sal.«N:tivaXy any p^jrticuXar ionic spacies &§IY ba infarrad by 
naaaujdnc} tha trimafarenca nm&ber of tha spacias in the 
eai^rano. In m&^t of tha transpoxt nueibar naasuramanta tha 
alectrolyt«» a lution «as used en either aide of tha iaai^ »rana 
and al«ictcicity v«aa passed using riv«»rsibla aXaetrodas. 
3asad on the fixed eh^rcia concapt a nunbar of ^Mioratl-
eal approaches have b«»n made to acccHmt for the potential 
J? 
aesoss 0 aoe^rand topdrating tMo • l ec t ro ly t * solutions* Theso 
can be cata^v^ris^d aecur^Hn^ to the natut« of the fluK equa-
t ion u»ad in th« tr@»at»entt ( i ) the idaalisad thaoiy of HkS 
{ ^ « i9» 20) and i t s r9fin«si^its« ( i i i ^«oci«s that usa tha 
pdndp las of psaydothtismoilynaBiiea and irravarsliHa thatno-
&fnemicB ^nd ( i i i ) a kinotJc approdoh Oaaad on tha t^t«ory of 
rata procassas (21,22 ) • 
In th is chapter, preparation and tha avalyatitm of 
tHantiOdyn^rdcally affect ive fixed «ih»xq9 density of parehcaent 
aupijortad copper sulphide, cop^^ r^ hydraxida, ooppar ars<9ft^lta, 
ec }^pi»r Cremate, i ron sulphide and egg tri^eli nesil>ranast tKhid) 
i s an inportant dfiaract«zlstic govazning fMsabrana ph^noraenst 
are deeexlted. Itie methods used for the detemtination of 
charga densities are i>ase 1 on the aquations for cMrarbrane 
potontiaL davaiopad racently by Kobatake at al><23, 24) and 
TasatEs at elL, (23 , 26) u t i l i s ing the principles of irraver^ 
aibla tharmodynaetics Mid tha widely used and 9(marally accepted 
equation of Teoral l , Mayer and il«v«»r8 (10, 16)• 
parchment aupported aasibranMi ^9V prepared txf the 
Biathod of interaction auggwited by Bag and Co-i^orkors (27,28>* 
i>««schcnar>t papar (supplied by M/^ 3aird and Tatlock Loncion} v^ as 
f i r s t dipped in di^onlsad «>idtar for aoout ti^o hours and thsn 
tiffd €ar»fuliy to tho couth of boafc^r 6ont«ininQ O.i lii CuCi2 
talution. Ih l i «««• •uspendwl in • O.i M •oLutlon of potasftiuK 
hydsiMiido. Iho t«HO soiutions (frcKih solution) ««#co int#ieh«n«* 
quA and ko i^t fur a i^oth^r 72 h n . frodstitato of c^ ppex* 
hydxoxido dppotits in tho intttrntico* of iMvehnont p«^r. 
Iho m«i^ran« «:»• thon «»a»h«d ««v«ral tino* w i ^ dolonixeel 
wator for th« x^ooval of fi»o aisetrolyto* A similar procadura 
was adoptod for tho prep^ r^atiG i^ of copi»9r aulphido* coppt^ r 
arsanita and copper ehra»at« noiabrafias lay taking 0«1 u CuCij 
solution on an# eida of tha paxctmont papar and suspending 
i t in acfuoous solutions (O.i M) of potasfriun sM.ts of sulphida* 
arsanita and chmnata resp^ctivaiy. Iran aulphida rua^rone iwas 
praparad t>y taking O.i M solutions of iron iHilph^ atis &nA pota-
ssium sulphida on eithar sida of i^a pan^wMint papar. 
Tha 9c^ aivall maeiliranas *i*rm isolatad from tha frashly 
laid har^duck a^ijsi Tha agg «^ a« orok«n at ona and. Tha yalioM 
and «liita of tha ogq Mire pourad out. Iha outar surfaea of tha 
a£}9 »^ as di{4>ad in a dlluta (O.i N) solution of MCI for about t«io 
hours in order to raoo^a coepiataly tha CaCo. eo¥erim| (29). 
Tha shall natsbrtirio, thuB l o f t conaistad of tvi« layers a thidc 
iMit#r ncwtt to CMOJ^ shuil and a thinn^fr naKt to tha al twain 
(30) , *i99 tvaahad several tinas »«ith dalonisad watar to jcaawva 
«sat#r soii^ttla auJMitancas. 
Tha ciee.branas ii«ai?e cut into raquirad dinwnsiona and 
than cltfapad Ootwoon two half ce l l s of an alactrochamieal call 
0^ 
of the typw 
Solution 
=2 D i f f , pOt» 
pot* 
solution tef«ol»et, 
DoRntn 
pet* 
for th» i8«a«uniia«iit of «i«6brjin« potsnUai . Tbo r»f«z«nc« 
ftioctxodos u««>dl ^«ro rav^rsilJio H9«H9 :U» otMiding i n ehloxid* 
soiutions* A t«nfold d l f foMne* i n cync9ntr«tion of ehXoiicto 
aolutiun ( i . 0 . » C2^i . " ^ ^ * ^ ^ n«int4dn«d and GaoMureeents 
«^r^ siado using a Pyo^-proeision potantiosotor (Ho. 7966>* Tho 
«iK»ia cdl i K^ icfiiersttd i n a r^ator th«SBiioot4t eaintainod at 
2 S ^ * i ^ e . tfi« aoiutitjns IKOM lopiaood by froih solutions 
4V«d ^ e n ^ o r o «waa no ehango i n potantisl «dth thm acklition 
of Croat) solutions* vdth constant vigorous st i r r ing \ay a pair 
of t^ «Kg i^otic s t i r rers* i t i»as tdkmt as tha tzuo moiubrana 
potontial . Tha various sa l t solutions (ehloridos of Ll^» Na 
VTA K^} ¥M»re proparsd from anal yt ica l gr^ds raae^ants and 
ds-donizad wstar* 
1b« values of ia«xat>rana potential maasurad across cos^r 
hydroxida* sul|tfiida« ar««Nnita, ehrenata* iron aulphido and agg 
th«3Ll Gs«iB^ rar>«8 i n contact idth i i i alectroiytas are glvan in 
Tatxlos i . i (A^i) emti ara aiao piottod for coffiparis<^ Jn 
..(i 
OBMi^m MiMAim^g PUTUT^ TlALii M^V) FOH i l l i3«eCT}|JtYTHi» AT 
Conc«ntr«Uofi 
C2/Cj^(«olA) 
ID X 10*V A « 10""^  
5 X jyo^V 5 X jo"^ 
1 X JD"V i. » AO*^  
S X ID"^/ 5 X iOT^ 
I X ID"^/ 1 X IQ-^ 
5 X JLD*^ / 5 X JO"* 
1 X 10**/ i X Uf^ 
iCl 
• 0.54 
i . 02 
6 . i 4 
9.90 
i6.eo 
21.3? 
28.10 
l A l r , l A,f A A 
8l«etrDlyt«s 
Nod 
• 6,17 
• 4.25 
2.26 
9*10 
12.54 
17.90 
26.19 
UCl 
•12.95 
•» 9,80 
• 2.98 
1.79 
10.06 
12.62 
22.29 
oasBii^aD MaKaaAHfi PUTHTITIALS as (igv) R>H l a ELacTHLtyns 
AT VAHious cxjticmiTmnaii^ iov^ PAXHkmr sjps^umm CUPPUR 
ConcantraUcm BlectgQlyt»> 
Cj/Cj^ ( " o i A ) 
10 X Uf^ / 1 X lO"-*-
9 X JO^V 9 X lO"^ 
1 X 10"V 1 » JU3"^  
9 X 10"^/ 9 X iO"* 
1 X Hf^/ 1 X 10"^ 
9 X 10"^/ 9 X 10~* 
1 X WT^/ 1 X iP"^ 
KCl 
•19.20 
•11.39 
• 3.90 
9.G0 
19.69 
27.35 
47.ao 
N«C1 
• 7.99 
• 9.00 
9,39 
11,70 
29.00 
32.90 
49.08 
LlCi 
• 4.00 
• 1.82 
10.09 
16.23 
3 1 « « 
36.29 
37.40 
,M 
omimm M8wa?v«Ma POTHTTIALS m (B^ ) R>H l a aLacTRDLyrEii AT 
VA.aaUS CQNCeiTRAnciJS /CHDSS FAnCHMSHT SUPPOHreO COPPSH 
CKiUKATB M»iBHANe 
Conc«ntr«tlons 
C j / C^ ( M l A ) 
UtUf^/UU)^ 
s xiD'^/aKjo"^ 
jutio'^/ixio"^ 
aMlO-^/3«lD** 
ixio"^/ijujcr* 
KCl 
4.7S 
8.1d 
16.56 
18.90 
22.90 
r ^ ^ A t i B 
ilMtxelyt** 
N4C1 
. 6.29 
. 4.30 
0.79 
4.40 
14.30 
X7.i9 
20.49 
ua 
•.12.60 
•• 6 .49 
- 2.79 
l .M 
11.89 
13.29 
17.88 
OBS&RVilD MaiaH i^rJE POT^TIALS S i (HSf) IDH I t l ELaiTfljLyTHS AT 
VAHious oMcmrmrxaNs NzmsB phmmmr suppoaiED capp&n 
Ck)ncantr«tion 
Cj/Cjj^ ( » o l / l ) 
U^UJT^/IMUT^ 
5niO"^/imUr^ 
mior^/uiio'^ 
9iilcr^/9KJU0*^ 
uicr^/iKK)"^ 
9KlO"^/9liKr* 
iRior^ixiD** 
KCX 
7.25 
12.96 
29.69 
29.20 
40.18 
44.90 
92.01 
fil«ctsolyt«t 
N«C1 
4.92 
8.29 
20.22 
26.19 
37.99 
42.30 
49.80 
UCi 
» 0.99 
3.69 
13.90 
22.79 
34.20 
40.60 
48.29 
03saiVi3> Ma^a»w^a «>uTal^ lTlAL.a m (tti) mn iti HLacT{iLi.yTes AT 
Conewitrationt ei«etrolyt« 
Kd N«C1 UCl 
2.90 
7.29 
i3*i9 
i7.99 
20.90 
23.20 
25.00 
• i»90 
2.39 
U.8S 
19.19 
13.40 
19.22 
21.99 
« 7.19 
• 4.29 
9.99 
10.90 
17.00 
20.19 
22.30 
ommmm nmm^^B puTishnALa*^ {wn) fon i i i SL&cTHyLYTHs AT 
Concantrirtiofis fil«etroilyt«t 
^2^^!^ \m>i/if 
lOttUJT^/iMUf^ 
9KUr^/9tiiD'^ 
iKiorViKio"^ 
^af^/^uoT^ 
imo^/ iMio"^ 
K a 
6.90 
8.90 
14.70 
16.20 
19.90 
NflCl 
16 UO 
18.80 
24.00 
29.30 
33.90 
UCl 
21.00 
20.90 
29.90 
32.00 
33.80 
Cone«ntrat«d tlcl* i t t«k«n •• 4Y«. 
L J 
oa^mm MaismNa poTm.nM,^* &> (MV) for ui aLiCTi^ cYTHS 
Concent rations Eloetrolyto 
^2A*4 \w»/A^ 
ljDKlDrVi«iO"^ 
^Uf^/^Uf^ 
iKKrVlaKT^ 
ajiior^/aano*^ 
jL«jxr^/i«jyo-^ 
i&a 
dcOO 
8.30 
JL2.90 
13*00 
20 •CO 
N«Cl 
la.so 
Jb6*60 
22.30 
25.50 
25.00 
U C I 
20.00 
25.00 
27.20 
28.70 
35.00 
Concantr«tod sido t«k«n 09 •vo* 
f t g . i . i (A-F) 6S a function of can€«ntratic]n. 
%ltdn t«o «l«etic4yt« soiutlon Ha^n^ d i f fe imi t coi)e«n« 
trat ions «x» u^fi^xatmd by a cMraibrdno* th« ootali« tpecint pc«H»» 
t r i t o tho sioii&riio® arid vaxious transport phiHionftna art inducad 
in th« syataci ( 3 i ) . lieiajbranos i n gwnntil hava tha at i i l i ty to 
ganarata potentiaia »t)an thay ara uaad to —p^tattt alectrolyta 
ao&utions of di f farant concontratiom. This proparty i s 
attcibutad to tho praMTtea of a nat e^^cga (27«2e»a2«08) 
probably due to adsorption of anion or cations* Th9 quantity 
of dhc^rqo raquirod to generate potantials* particulaziy whan 
diXuta solutions aro usad, i s sna i l . This* of eoursa. i s 
dsptmdant on th@ porosity of tha aaebrsna* I f tha aarabrana 
poras ara too t<>idat any account of charga on tha mac^ orana doas 
l i t t l a to si&rmtat9 good pot«antials* 3ut i f tha t^^sibfmrm poras 
ara narrow, a l i t t l a chuxga on i t can giva idaal potantials 
aecosdU^n^ to tha Namst a<|uation 
U • RT/F m aj/Sj^ . . . • ( i ) 
«hara «. and m^ ^ "^ ^^^ act iv i t ias of tha t»4> solutions on 
aithar sids of tha magiliran«, B. i s tha eiaebrana potantisl and 
IWT and F hava th« i r usu^ &eai ln^« 
Iha V€d.uos of &ac3i»rana potantial obsacvad across tha 
inorganic pracipitata Doodaranas arm positivs in di luta eonean-
t rat ion rantias of aiaetrolytas and dseraasas as tha concantrati on 
of tha ftlactrolyta solutions ara incraasad. This means that thasa 
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fSiM»bjran«8 ar# fmidtiv«ly ishaxgod (catiioR s e l e e t l ^ ) and th« 
sidlactivity increases i4 th di lut ioi i * The n«9ativ« ^ a i 9 « 
ea«y t>9 attnouted to th« px«f•x«ffiti «l adaosptlon of hydrt^yl 
ions ftcm v»dt«r and/or anions frcxs ^ e solutions e<3nstitutin9 
th# mmriirM%&m, k.h«n tJm &i«Rl>r«nss az« us«cl to s«p4»r«ts 
cutcoDtratsad solution* tha momorsno potentials» in ^T^rvrsi^ 
b««o(e» nsgativs i .9 .» th& laeraor^nos becoiBS anicm ssl^etivs* 
Sieh Tsvorsi^ in s9l«K:tivlty ehsri^t^jr i s not pi»euLiar to 
thsss sy«t«e>s (26 ) . 
An int#r#stiriig point v^th th« valuos of ite^brans 
pot«mtials obs<«rv«d across hon and duck mqq ^ i ^ l ewrabranss 
i s the fact thiit theso «xe iiKii9ativs i n a l l th« • loctxolyts 
conc(»)tration Sdtyqmtt, Hmtrnfms^ th« valuss of an dsdrsasss 
^^eozical ly as Uis siectrolyts ccM^ontration across tbo 
fsaiBbranas aro incxaasod. This moans that ixith the 099 fl>«ll 
mtmae^nm i n contact tdih d&luts o l i^ t ro iy ts solutions ars 
tfiion sfl^octivo t^horsas ttis anion s«l act iv i ty doeroasos M th« 
ooneontration across ^lo isoi^r^n^s aro inerme&^.i* Tho stsp^ise 
dh*it¥i<& i n mm&bTsn« pot^fvtial or th« s# l^ : t i v i ty character of 
tho ctoeiorano al«ctrolyto systs» »ay readily b« sKpla in^ in 
t«a»s of tho stmctur«L dhmigmm produesd i n t h * a lactr lcal 
douljlo lay#r <xt ^ 9 int«rfac«s. Th« f^sg-ishsll 6i«eibran«s aro 
conaidar^ci to Oti nmjdtivoly diaX9od i n contact v i th v^atttr. I t 
i s (luits protiaM^ that i n thess cases tho r»gativ« ^avgs i s 
dus to tho iim atta<^^«nt of hydroicyl ions fxtei watar .Mid 
faw ionog^nic groups of orgiMiie fibrss const!tutin9 tha sgg 
i% 
shell ffittobrane. m (K|uiv«l«nt number of protons md/ot 
c«ti.ar>s, mjnm closttly h«lcl in thfi fixMi part of th« (kiuiais 
Itif^r md tho rem^ndor in th« cttffusod portion* will tw in 
tho aoltition. Dy th« •d<:^tion of i»ii«iini vslsfit oloctzolyt^s* 
thors «dll tK> a tonckmey for cations to sceuPMlata on tho 
sedution si do of th<* fixed doubia lay«r, by lner«Aslng tho 
po«itiv« charge donaity, th<j intttrfdcial pot«ntial difforsnes 
themqmtt th«r«2^ changing) th« overall sianbrano potontial and 
the (si«c!)brantt htnGGmmm loss soleetivo. Zf tho olsotrolyts 
oofficantrdtions ars furth<?r incmasod tha ovarall msmlirane 
pot«)ntial or the s^oct iv i ty char^ter of tho asabrane ^apgos* 
'pMo important factors which eontioi »laetrolyto pamao» 
U l i t y through a mmi^r&nm ara diargo on ^ a m«ia&r«)» and i t s 
poJKjsity. pareh i^s^ nt p^mtp cKcept for the prosanes of SOBS 
stray and cartioxyl ^roup, etantalns vaxy faw fixad groups. 
Di^Kisition of inorganic precii^tato ^ivas risa to a not 
nagativa dhar^ on m«ffit>rano surfaea in tha diluta solutions 
of i l l olactxolyto loading to tha typo of ionic distxl^iition 
assadlatad vdth tha olactfioal doubla layar (35»). Tha stapiisa 
dianga or sei activity character of e^}l»raiMN>«laetrolyta systan 
may readily bo aipLainad in tax»s of tha stsuctural changes 
produced in tha alactrlcai douULa layor at tha interfaces* 
3y tha addition of univalent «lectralytec there «dll be a 
teiKtancy for tha cations to accunul^te on the solution aids 
of the fixed doutAo lay^r* by indlreai^ng the i^aitive dNarge 
ll 
d^naitYf th« int«rf«el«l potontiJi diff*r»nc» changM th«r»toy 
ehanging th« ovorall •MwOirano pot«ntl^* If the 9i«etvoIyt« 
cone«ntratian i t Kad« i«X9«» th« sign of the electrical 
potential oiey eventually i>e reversad leading to a atata wham 
Hm ttan^funa becociiea «nion sal active. 
The ca6tf?i>oneat Milwtanee of «Mch the egg naeibranaa 
(outer mnd inner layara) BS« cciapoaad la keratin* thcn^ ^ i a 
pxoteln aeecka to take many foxiaa aru^ have exactly the a«M 
pjEopertiaa in different solutiona (40* 4 i j . Kitj^ara at a l . 
(42} bi^ieved that the outer layer of the vi te l l ine nerOirana 
eonaiated of polyp^ptidaa blowing etoatiy ^^UieliK atmcturot 
vhereas the inar layer raalnly contained peptidas with randon 
coil atxuetura. Very l i t t l e la kmvc^ i about the relative 
propoaitiona of yolkt white and ahall nemtewiea in the eg^t 
of lower aninal* al though the oinerologiical or eiorphologieal 
structure of ah el la are mtsh understood (40}, 
The fixed ^xougm present in Mall ch<dracterisad ion 
axdiange steaibranea can tie easily aatiitated by t i trat ion, th is 
method was used by Sollner at al*(43> to eatimate the end groups 
present in collo^dian caBbraiie. Lak^siinarayanaiah (44) in 
his studies «4th thin metabranes of posLodiant used t«K> nethods «-
^ a isotopic and the potentiobeteric to evaluate the apparent 
fixed charge on the manbrane material. Siddiql^ Beg and 
cotN>xkers (27, 28, 32«38) used potent!ometric i»ethod for the 
evaluation of effective fixed charge danaity of a number of 
51 
parehBiant aupport«d and polyttyt«n« basMl inorganic pr»eipit«t« 
Bi«Bibff«ia«. A sultabia dy« hat oftan iiaan yaaJ for tha avalua-
tion of ap^jaraiit charga on Ixlolagleal syataea. Zn praaant 
atudlaa tha titration and y^a ufi^ thods provad ineonvaniant and 
vary inaocurate* «ttiiia tha iaotopic siathod haa baan diaeazdad 
in vlaw of tha strong ionie adaorption phanoaana whiWLtad by 
thase systonis. Gans«quentiy the potantiooMrtric nathod liasad 
on racwitiy d«nraiopad thaorios of own^raiut potantial hava baan 
uaad fo. tha evaluation of affaetiva fixad eh#rga daiwity of 
tha parchmant aupportad inorganic pracipitata aaaiaranMi and 
agq ahall roombranoa in ordar to ana^na tha validity of tha 
aquationa davalopa 1 to ^ a aystaeaa xmdmx invoatigation. 
Tha fixad charga eoneapt of Taonil ( iS) and Uayar and 
fllavera (19) for <^drgad niM^ranas ia a partinant atartif^ 
point for tha invaatination of tha actual owchanise of ionie 
or e}olfH:ular procesaea inhic^ occur in tha Oiaabrana phaaa* 
According to thia th»ory manbrana potential i s conaidarad to 
b9 eoBftpoaad of ti«o Donntfi potantiala aft tha two adution-
iMmbrana intarfaeaa and a diffusion potantial ariaing froai 
unequal ionic concantration of tha tKo mm^rmm facas, Thaaa 
authora darivad tha foil oiling aquation for mambrana potantial 
in BiilliVQlta (at 29^C) i^;iplicabla to a highly idaalisad ayatoa, 
v i i . 
SB" 9S>.2 log w ^ •! g ma 14J11 » Cf log «"^ < ' ••" , . . | 
no 
«iti«co 0 • (Ti . v } / (u • V), II* V are th« »ol>iiiti«* of eatiorts 
and anions r^spactivaiy i.n the (&«l>ran« phas«f 7 i t ehazq* 
danslty of tha ^acbrtfia anpraSMKl in e c ^ v a l o n t / l i t x * of the 
iiiitii^ XKt aoiuUcn; C. and C^ are th«» concantrations of the 
«i«ctrolyte soiutiona on tha tfno sickis of tha maifibranaa* 
Thd Birs thaory assuRMa (1} tha aaobrana aurfaea to ba 
in a s ta te of #qullibciuG« ( i l ) the ainglo ion act iv i ty 
cufsffecient to be unity ( i i i ) thti pressure volume taxm to be 
nogXi^itiie artd ( i v ) the a^arent fixed charge to remain 
ctmstant at a l l values of antemaL e lectro lyte concentrations. 
I t has a ^{Bpiiclty md ap|>eal t o be sophisticated and has 
boen used in ti)« way i l lus trated by £i4oyer and demfeld to 
det^xciine t!t\& fixed churge cap«MUty of t»mssSSMtm\9% having IOM 
v ^ u e s . t h i s proce(tore has been used by Ktinins and Londcff) (45) 
to es t icdte t '^ capacity of thin polyBMr ceabranes. It has 
d^ Lso been usiid by ^axX^x (46) to d&tezmine the charge on 
keratin, by L^itshG^lnarayanaiah (44» 47) t o evi iuate fixed 
chargie on thin parltKli^i i»€MBorane8 and Be^ andl coworkers (26, 
33* 36, 46«5i) to est inate charge density of poiy&ier based 
ion-exchange r»eG^ranes. According to t h i s procedure, theoreti* 
cal cunc<@ntratic^!iS pot«v^tial8 ils exist ing across the v^mmttt^rm 
are calculatcKi as a function of log C^* the concentration 
ratio bein^ kapt at constant value of 10 for different 
fiK)bility rat ios , u / v , and plotted as shoivn in Figs.l.2(A^-c). 
The observed ire t^Drana pot«»ntial values ai» then {slotted in the 
same graph. The experimental cuzve for any ^iven aHNobrane was 
O" ij 
I. u / V = I 8 
lofi I /C2 
06 i / Co FiS. 1-2CA) Plots of Membrane Potential Em,against 
usin^ different concentrations of various ! • I electrolyte soiutions 
across Copper Arsenite membrane. Left Hand curves are 
theoneticalty calculated usinfiTMS Theoy for x = ! a n d Ris^ht Hand 
curves are experimentally observed. "See T e x t " 
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Fis 1-2 ( B 0 Plots Membrane Potential E m , against lot '/^Z 
usind different concentrations of MaC! solutions across the 
membarne Left hand curves are thecreticaily caSculated usmi 
I M S '!"heory for x = ! and Ri^'nt hand curves are axperirn-
entally observed 
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Fi|.i-2CC) Plots Membr. Pot. Em, against lo(i l /C2usins diff-
erent concentrations of NaCI solutions across the E^ft Shell 
membranes. Left Hand curves are theoretically calculated 
usinft I M S Theory for x = 1 and Riftht Hand curves are 
experimentally observed. 
3D 
8^ft«d hozisontaLly until i t eoineidaci «dth on* of tho 
thaosatic«l GU£V9a. Th« extent of t h l i shift g«iw log ? 
and tho paraliol th^^or^tical euxv« ^ave th« va|u» for u / v . 
The values of 7 m^ u/if derived in th@ t^ ay for all the ta^tbranss 
«.ith vaxious l i l «l octroiyt«« &T& givsn in T«^« 1.2. 2t i s 
not«d hoisavar th^t th« (»xp#xii««nt«l cynres for all th« 
a«»t>rano after shifting hciilMfytaliy did not ovariiSP 
coBipiatttLy ^ i^th «iny of th@ thaor^tieol cuxvos in all ths 
€ioctroiyta eoncontr.tion rangesstudiad. this typas of 
d&sorepaney i s not paculiar to thasa systacas (98t» 27, 28, 
32«3e), xt may Oa accoyntad to IM dua to tha shoxtcoraings 
of Mtim fiKod chdixja thaory ^s ragards tha asauuBptions laada, 
the procacHiras ae^^oyad and tJio s i^if ie«nea of tha raaults 
itartint} % i^t^  tJw OMKLC filcmt aquations providad tiy 
^te thoxBUKlyn i^lGS of iiravarsitalo pioeassos Kol»atafeo at al 
(23) darlvad tha follc^in^ aKprassion for tha alaetrical 
potantli4 ^ «Mch arlaas mhan a nag^iwAy i^ar^ad i^ amOrana 
saparatas t«^ solations of a i t i aiaotrolyta of eoneantrations 
Cj and C^  (C2> ^i)" '^ **"* 
(Gg > ^yS t /Q^^oipt) \ .... (3) 
w^era cX w u ^ • vj 
and /3 •« i • K ^ /M 
d^ 
VAUifis OP MaiaaArie CKAHOE ogNsiiY IT (moi/i )ftiHs MU^LITY mno& 
( u / V ) lORMsiaHANg i!La:Tfa.yT£ srsreiis osTAiNfiD VHM TM,B, 
MSIHSD. 
Ii«ii»r«n«« p«x«B«t«n Eltctxolyttts 
KCX 
0*ifi 
i , 4 0 
i.ao 
0.60 
O.iS 
i*20 
1.20 
i . 4 0 
I..CX) 
1.20 
2.90 
i.eo 
i«50 
2.00 
N«Cl 
0,42 
i . 2 0 
i . iO 
0,80 
0,35 
i*00 
i«00 
1.40 
0.80 
X.00 
4.00 
0.70 
1*90 
0.70 
UCl 
O.iO 
0.00 
1.00 
i«ao 
0.15 
i . i 2 
i.JL2 
1.20 
1.00 
0.80 
1.60 
0.90 
2.30 
0.90 
Ars«nit« 
•ulpKltto 
Copp#r 
Iran 
H«fi 899 
MMibran* 
Ouek 809 
mmbrmt9 
?f « 10? 
5r« ic? 
TTx 10^ 
5t X 10 
U / ¥ 
5t M io? 
U / V 
U / V 
u and V an* &oi«ir e^oblLltlos of ••¥« and •*#« Ions* reftp«ctlv«ly> 
si»fin«<i in t'joas of L"E«3£. fix0d fracH» of ref«r«ncfc, K i s <? 
con»tdynt t<thich i& consiucrri»d to d«p«nd on tho viscosity 1^ 
th« solution and th<» structural ctetalls of th« polymer network 
of «»IUch th# isi-^^T<m& i s ocsapossd, IT i s th« charge dsnsity 
( i n ts^ol/an ) ^t%d F i s tf^ a Faraday constant• Thess psraffi«t«rs 
hsv« t)«t»n dssuraed tu £}@ i mi«p<Hiriont of sa l t ccmctf^tration C2 
and C|* 
For th9 dru4ysis of d^ta* ociustionlS^can be uswd undsr 
t».io s e t s of c<)ndition8» tiso l i ed t in^ foisas thus iaeinq 
olitoinedt (a i ««li«ifi conc^antrstion C^ l>«coi^s s u f i i c i s n t l y 
amollt («xt£iei»« d i lute rang«; «quatlen(3)can tie sicparided to 
glv« 
If 
vJhera I iHi I iu the aosoiute value of r«i^c«d potential dsfined 
iiy 
::quation ( 4 ; indicijtas th*at th« value of Band a relation 
omt^p^miQi and IT c«3n a© o0tain«d £iy svaLuatinq the Intvrespt 
and i n i t i a l slopd of a | 4o t for las f against C^* Fig. 1.3 
(A-F) ^ov« plots for \BH\ versus C, in tha r««9i<Mi of vary 
low conc^mtrati«:»i ddt<^ r!T>ln«'dl for al l th« e^poran«s. Th» values 
of th« int^rci^pts fur ai l alectrolyt^s were ecfual to i/f InT 
6 
CN« 
UJ 
0 8H 
^ 0 6-
0 4 -
0-2-! 
Qi::—I 
CA) 
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o X'aC 
Ca'^'c 
CB^  0 
0 
,<C 
^a 
Fis 13CA3)P!ots of ' E ^ / 2 3 0 3 asanst C2 xlO-^ 
for various ! .' eiect rc .y te i th 'o^ i r CA^ Ccpper 
Arsenite CB) Copper Sulphide rsembranec 
GO 
8 
o 
rO 
LU 
c^ X:o* 
C2 X 10"^  
F\& |-3CC,D) Plots of lErr, ; /2-303 ^» '^"s*^ 
C2^!Crfor various iM electrolytes through CO 
Copper Hydroxide and CD) Copper Chromate 
membranes 
0<-
2-^=^^. 
*• ii-~>. 
'7 X 
cv 
*. £ 
0'<'-
0 
0 2 5 5 0 •^•5 
Fii.1-3 CE,F) Piots of !Emy-.3Q3aaainst 
2 . ' ' ' 
C2^ .0 ''or various!'- 1 electrolytes through 
CE) Iron Sulphide snd CF) Eiia shell me-
mbranes . 
r9 
fis^ i^hlch the values of p «M»C9 evuluated (Taide i *4>. (bi I t 
i s «r«Il-4no«»n iaKpdxit»^tai.iy that at tinmdiY th« irnrerss of 
an aopBrtrnt trtsn'^fer^mc* rtumderi ! • « • t . . ^ for th<» coolon 
i^#ci»s in a n«s;atlvdly chanied B£«« r^jtfi« i s pxt>portional to 
th« inverse of concentration C i n tho rsgion of high salt 
concantratiort. H&r» t i s (ji«>fin«d by ^is rsiation 
\tfel • ( i - 2 t l l n Y . . . (5 ) 
S|^' 
substitutin<| for JEml from equation (3) and oKpandlng 
thd resulting «xpr«»s >ictfi for i/t in pc»»«rs of JL/C^  giives 
th is in^licate* th«t th© intercept for a plot of l/t 
SPH 
9;)ainst 1/C^ ^ fixed V a l l cms the value of o<^  to be detexw 
Gained* Plots of l/^»«o against 1 / % ^^^ various i t i electrolytes 
atm shown i n Fig. i«4 ( A - F ) . The values of ^ a i e given in 
Table I . 4 . Thi*r^ f ^r^ tv^ > i ie i i t ing cases for the evaluation 
of 5r$ ( i ) in di lute r«in<je ( U t i O * ^ ) using equation <<>, the 
sli^pe i s 9iven by 
tha j ra iMca l value of thi» slope determined froa Fig. 1.3 (/wF; 
i s e<|uate<j to the above ecfuations and the values of oC and A 
are substituted, ^ i s thus evaluated, the value bein^ designs* 
t ^ as ^ d . ( i i ) In thd conc<mtration range ( i . D M) using 
lAfitfi r iii3 ,A 
TBft?«JFH.48NC8 NUWSSa t OF COlCNii DE«1VHD FfUS OiiEHyEO JKEV.aaANE 
K^Tia^TIAL AT VAiHUUii SaGTHL/LYTE CurCENTIV^TXU^ WmM^ PAJfCmBNT 
Concsnt rations 
uomorVixAO'"^  
5KiD*^/Siilj0r^ 
lxlO*Vl«iO*^ 
aiijyo"^/9Kio*^ 
XKlOr^/iMAflT^ 
a«ior^/a«iD-^ 
ixJflr^/iKicr^ 
KCl 
0.50 
0.49 
0.4d 
0.42 
0,36 
0.32 
0.26 
2^at§^, Kt\ # 
i iftctxolyt«8 
N«C1 
0.95 
0.53 
0.46 
0.46 
0.39 
0.35 
0.28 
LiCl 
0.60 
0.96 
0.52 
0.48 
0.42 
0.39 
0.31 
TiWi^eHANCE NUM3BR t OP CX^ XONS Dt^HIV^ FICM 08SHH/ED MSMSflANE 
PUT04TIAL AT VAHXUUi> E i T i d W r r E CuNCttT^Ta^TlONa THHUUGH PAlCliAEWT 
aS»POflTHD COPP&H liJU»KXD6 MaiaRANE. 
Ccific«ntr4itiovi9 &L«etn>Xirt*« 
U j / c ^ ( w i i i / j . ; 
XOiiX0^Vl«lO*^ 
9mD*^/9KJiD"^ 
1X1D-VA>I10"^ 
SKiflr^/ftKiflT^ 
i«xor*/jn4or3 
9iilO-^/9ailcr* 
iKjurVixicr^ 
KCI 
0.63 
0.59 
0.53 
0.46 
0.34 
0.27 
o.xo 
Nfld 
0.96 
0.54 
0.46 
0.40 
0.29 
0.22 
0J39 
u6i 
0.53 
0.S2 
0.42 
0.36 
0.23 
0.20 
O.XO 
04 
TH^aPliHaCS NUKaga t . ^ o f COXOHS DSmVED FHOII OBSB <V&D MiMBHANE 
pormrifiL AT yAmuus utacTaiiLYTB catcBamTiUNs THHOUOH pAHCHaENT 
Conc«ntr«Uans i l t tetrolyt«s 
cjAJ^c-oiA) naa rnei aei 
t . 1 1 1 
10ia«rVl*iD"^ 0.51 0,S» 0.60 
anKT^/aulO"* 0.49 0.33 0.57 
iMUr^/UlCr^ 0.46 0.49 0.52 
aaiJiD"*/5lci(r^ 0 .43 0.46 0.46 
imoT^/Hllflr* 0 .37 0.3B 0.40 
SulOT^/jjiiD"^ 0.34 0.35 0.39 
IxlflT^/lKiflT^ 0 .31 0.33 0.35 
T^i^amm^& HMasn t . ^ DF coxcits DEmva> FIUM os^ SFiyED M^'SDANE 
POTBNTXAL AT VAHIOUS gLBCTaiLVTS CuWCliNTJ^ATiai^ TMimUOH HAHCHlftBNT 
SUPPOfCTHD CX)l»PHa HVDliJXIDB Mfg^SHANS. 
CoRe«ntr«ti<ant 
Cj/Cj^ ( a b l A ) 
lOKiorVimo"'^ 
5mo-*/5Kjur^ 
UtJO-VixiflT^ 
ajuo-^/s^iD*^ 
m i o ^ / i K i D * ^ 
SKicr^/sitio"* 
iMiD-^/iKior* 
" ild ' 
0.44 
0.40 
0.28 
0.25 
0.16 
0.12 
0.06 
81oetzolyt*« 
N«C1 
0.46 
0.42 
0,33 
0.28 
O.IB 
0.14 
0.08 
iLiei 
0.50 
0.47 
0.37 
0.31 
oai 
0.16 
0.09 
"^  T" 
bb 
TiV^.i»FH]4iJCa NUftaaB t . . ^ O F COlW a^ DERIVED VKM OaSHiVED MEMaaANE 
ADD 
POTHNTIAL AT VAHIUUS Sl.aCTrtJl.YTfi CuNTaNTflATlUNii THJIUUGH PARCHMENT 
SUFPUaTliD X a ^ aiLPKXDE ftiatMaHANB. 
Cj/C^ («olA) 
lomcrViMicr^ 
3iiJUr^/!5»JiD*^ 
miD~VA»Aor^ 
SiciD"*/5iclO"^ 
u i d ^ / i » i 0 ^ 
5»ior*/^iflr* 
uiJurVi»icr* 
Tm{;aPiiiiti>cs HUHBea t 
lid 
0.48 
0.44 
0.39 
0.35 
0.32 
0.30 
0.29 
im^ r liM 
gl«etrolyt«s 
N«C1 
0 . 5 i 
0 .48 
0 .40 
0 .37 
0 .34 
• 
0,32 
U C l 
0 .56 
0 .53 
0 .45 
0 . 4 1 
0 .36 
0 .33 
0 . 3 i 
^ ^ OF GOXuNa DfifUVep FajM OasaHVED MS^SHAf 
POTENTIAL AT VArtiai:* a^TaJLYTE CuNCEMTHATIOiS THHUUOH HiN EOQ 
oNaUL M^taiiANfi. 
Conc«ntrations 
IC^JUrVlxlcT^ 
SMlD-^/SiiiO"^ 
UJUTVAKJO"^ 
SlliD"^/S>lllD"^ 
^ l D " ^ / l x I D " ^ 
KCi 
0 .45 
0 .43 
o.as 
0.36 
0.34 
@JL«etfoXyt«« 
NaCl 
0.36 
0 .34 
0*30 
0 .25 
0.22 
U C l 
0 .33 
0.32 
0.28 
0 .23 
0 . 2 1 
im-& - At? ^ 
TiWIsrai^tNCE UMMH t . ^ OP COIGNS DERXVeD FRJM ua;>&flygO it^ e»3HAN£ 
POTSNtlAL AT VAmoUS ELaCTHULYTd GuhCeMT.'V^Tlurfei THauUOH DUCK £03 
Conc«ttr«tlon« 
Cj/bj^ (WklA) 
wnui'^^/mur^ 
aniflT^/aiiiD"^ 
ARJD*Vi«iO'^  
aKjo"^/a«io*^ 
iJliO'^/JjiJUO'^ 
KCI 
0 , ^ 
0 . 4 3 
0 .39 
0 . 3 7 
0 . 3 3 
Hl«etxolyt«t 
N«CI 
0 .39 
0 .36 
0 . 3 i 
0 .28 
o.2e 
U C i 
0 .32 
0 .29 
0 . 2 7 
0 . 2 3 
0 . 2 0 
tiV 
VALUHS OF WiSiiaHANa PAiV^MdTiftSo^t A AM) ST < B O l A ) C^JtlVED BXM 
l^«cibrano« 
Copper A r s ^ l t » 
Copper Mil phi d« 
Copp«r dixomtfta 
Cc^par hydiTDXidft 
Xson sulphid* 
H«n fi99 Sh«Il M€nbran« 
i>ick S^ ij ftholl Qai»br«n9 
El«etfolyt*« 
KCi 
NdCl 
L i a 
KCI 
N«Ci 
l44iCl 
KCl 
N«Cl 
LiCl 
KCX 
ua 
Ka 
N«a 
UCl 
Ka N«a 
u a 
I 
o( 
o.ao 
0,47 
0.33 
0.4O 
0,44 
0.4B 
0.47 
U.4i 
0.35 
0«S5 
0.92 
0,46 
0*51 
0.47 
0.39 
o.se 
0.63 
0.66 
0.57 
0.63 
0.71 
?MvmftmKn 
P 
1.75 
1.68 
2.22 
1.20 
1.06 
1.11 
2.17 
2.27 
2.70 
1.04 
l.OB 
1.11 
2.25 
2.3B 
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3.00 
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3.15 
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1.70 
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Shei! membranes. 
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€K|uatiQf) (6 ) , th# aLope in givef* by 
(1 4-/3 - 2 0^^ H y « 4 l A ( l - o Q ^ f t y X 
t!^ «» tl^«pMcal vait.4# of th@ alope d^t^isained frcws Fig. 4.4 
(A-F) i s 9qu^<Kl to th^ alsovo 9xpx«ssion ^rul th«i valu«t of 
ex and jB at0 »ub8titut«<l. T i« thus ttvaluatdd th» valutt 
boirta €io8i9f)<»t4adi as K..« 
In thij pK^scTit atuiiYt th# t«»o valu«« of T, v ia , T 
and f .» oUtiinmi f»M the opposite l imi t s agres wall ««ith 
aaeh othar (Tdiiia UB) conUming th« api^ieaMli ty of 
Kol>at.^d*s eniation to ^^am tq^staiEia. I t i s evicb^nt that 
th© constancy of th« stoichioraetxic finsd charge density of 
pardhgont suppor t s inor^ande precipi ta te mat bramss and ths 
cfQj ^ ^ I m^^dran^s i s isaintidiwd v#iieh i s th« basic assu&p* 
tion of th9 tmn th&oxy (4Dt 20) «id i t s ravissd foxm giv«Mi liy 
Kooataka &t al (53«-53)« 
coeip.iSliian can bo maeis bstt^^n th»orotical m^d mip^H^ 
!^€Mntal data ^anti tha a f ip i i c i^ l i ty of ICobatidce s t al. aquation, 
to th« mmbrmm wider studlyt <:sn ^ tested by the follov;in9 
analytical t^c niqua suggested by K^atake . 
riquatiofic3.)cari be «i£itten as 
Y - ©V • ^ - i - Z . . . (7) 
••1 1 
TtHis I f etiuatiun 3 J a vdLid» th« values of l o g ( Y - ^ * ' ) / ( « ^ - l ) 
Cdicul«iteil fxaui (u»dsujD@d BR «nd th@ M I V M I vidu« o f V tmmt 
f a l l on a fttrai9ht l i n o * ithldb has a u n i t slop« and passas 
tha coordinat# ox iq in «^art p lo t ted againat l og Z as aho««r} i n 
iUy. i , 5 ( , • ? ) • Tto th«K>jr«»tlcal p x ^ i l c t i o n of eqii4tionC7>is 
boxn» u i t qMi^"^ sati. s f ^ t o x l l y &y our axpexlmantai sasui ts on 
p^rd>P»nt supported inuxgiinie p rao ip i t a ta Ka^r i^ iaa and tho 
^teicontly Kodat^«r and Kamo ( 3 i ) dar ivad another acfua* 
t i o n (8 ) f o r the K.«;5rana pot««nti i i s t a r t i ng v^lt^ tha basie 
tionn' ac^dt ion provided by tha thaznaodynaBiics of i r z^v^Ts ib la 
psocaasfss umS^r tha foJLiOK^n^ ast^iesptlonst nasialy ( i ) t h« 
cufitia^autivjn o f p^ ass. rriovofej^nt i s n a ^ l i t ^ l ^ a ( 3 i } and ( i l i sfiiall 
i c ^ •k> r.&t tK*h.ttV9 5dt»aily i n tha ^ ^ r g a d Sise^ranas* 
m « -FiT/F m C^/C^ • (2o(« i j i n 
. . . (8) 
¥.h«»i:« |i0 i s a <^aract«x is t ic f ac to r o f t l m itaca^r^aia e iae t ro l y ta 
p a i r , and ro,>r«JS*«r?ts t t # f r a c t i o n o f cotHntarlona t i g h t l y 
o KC; 
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E(J6 Shell membranes for MaC i . 
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ffecf-o.ytfE vrfit"^  (A ) Copper Arse^.te^CB) Copper Su.ohide and 
COCoppcr Hydroxide membrsres 
not tightly bound to th« mmilirim& sktleton. 11i# prexKict 
^ i% turned && th« th<»iTat>dyn«Bic«lly •ff«ctlv# fix«d ch#rg# 
dwvsity of a mmmrrn'm* Th» oth&r t@»ei8 h«v* th^ir usuid 
3lQnitic^c«. aquation C») *»«» the aaia* flinctional foKs m 
that given by tba TiM;i th&oxy for eunabrafio potential !•»• 
#QuatiQn (1> «Kc«»pt thfit tha th«xiaoclyntfBiealXy @ff©ctiv« 
flXQd dh^ixq^ density ^ of the essibreno Is used in piac* of 
fttoichioBtitxlc fixed ch«i£9ttft T^ Hfiuatioci (8} v^luc«s th« TMS 
«4MS}brana potontidi for fhk tlnoo i t «»•• SOBHI nhat troubl99oiB« 
to ^aLuatfi th«» «ff«ctlVQ fiJtad chatg^ ct«n»ity C^ at an 
{arbitrary mt&m^ eii>ctroiyto eoncontratien fcom th^ ob««ivod 
moffibrane |30t@ntiaL Bm using liquation (6)* iCob«tidi« and Kmo 
(31) propositi a sispLe method using th« foJUcavring appnatients 
4H i^ditic«) for th@ d@ffu&iv# contsiliution to th« @.r».f• of a 
ooii %<ith transf^naricfii} 
m m^m/¥ ( 1 - 2 t^^) m o^/c^ . . . (9) 
f%h«»ra t i s th@ 4^pa£«nt tri^ nsfttrwnctf uaebor of colons in 
8pp 
Xhm tu&f^T^ne phd««. Joc^ prizi son of ©quatioRS (3) and <9) 
^ * —i ; :? T^ '^ °' 
/ 
?5 
ijn thQ oth .»r hand ( 9 3 ) , th« mass flx«d tranftf«x»nc* 
number of coiona in a n«gativ«ly d)<9f<9«d sMKsbrantt l^^^rtcd 
i n 01 « l ^ t r y l y t « solution of conevntratloh C «sas fd«fin«d 
dy 
^ere» H^ «nd ? • w thcf cone«Nntrations of cations and 
anions r»3|9&ctiy<aly in th«» m^^ntofm $jhaft«. Ttto «<|uatlon was 
tr<4i9fomed to 
5" 
* . " ^ - o< • ^^ 
A ?.t • i • 1 
. • • (13.) 
usiR<) th^ » foJilming equations for act iv i ty coeffici«t)tt»» 
iiM3»tH.litit»8 of sxitill ions in tha m H^ribrana |i)asa» and tha 
o<1uiXii»xiiiia C(«Kiition for the oiactronautrality (53«iQ7) 
U • ^^- / i - K)8 f^ " A 
C. - C » ? 
fiinco the rtifffsranco b^twrn^ t ^ _ , calculated by using aqua* 
app 
t ion ( i o ) and t ^ by using «>quatian (12) for various r«duced 
concantrationa c ( (^» C/ A^) «^ as found to b» alvvays less than 
2% ovi»r a i^ida r^ mga of ant&mal alectrolyte concentrations. 
Iherefore* t and t viera considered practical ly the same. 
A& a result* th# ai^tarent tr^dDsference number evalu^vted fron 
78 
th« mdobrand pot«ntidL data ««4» used for the d«t»XBdn«tlafi 
of tha tiiiinaodYrmdcsliy «ff«ctiv« fixed charga density ffk 
of the ciacibrdfi® at a aiven #f«r '^^ o salt concentration C ^ '^ 
(C, • C-)A 1 Li>qyation (12) ] . At the •mtt t i»e the rearrange* 
Ui^mt of equation (JL^ ) provides a definition of pexitiselectivity 
P « cjiven tiy th@ eKpreeeion 
1 - t ^ oC 
P^ . . . (13) 
< 4 5 ^ * i ) ^ o^  - (2oC.^){ l - tJ • 
This equation (13} can bs use J to fined p«x»sel@ctivity froo 
mm»bTaKi9 potantiai m r^asur^ os^ nts using equations (9 ) . If the 
transport nv .^b r^ of colons ( t or t ) Is sero.the mee^rdne 
• app -' 
i s p«»rf<?Gtiy s€tLactive mA P •> 1* »4)ile i f th^ transport 
nuBsb^ r of colone has t^ u» free solution value* P « 0. the 
values of p obtaina J usln<v) the rl^ht hand side of equeition(il3), 
8 
are glv^n in (Table i .S (And) &n4 also plotted »^ainst log C 
[^ Rlq. 1,7 (A-n) 3 . The concentration at fr.hich P («>here 
^ • C / ^ • 1) bocotres i i / 5 > ^ gives the value of the themo-
dyn«i!iically affective fixed charge density of ^ e m«nibrBne 
«l<»ctrolytd systtiQ as demanded by l e f t hand side of eqMation 
(13). The values derived in this «»ay are given in Table 1.6 
which are cosiparable to ^ose derived by the eaxiier laethods. 
Uovci rocetitly. T^saka* Aoki« IConda m6 MagasoKat based 
on the reoreilf Mayor <)nd ^Veres cuodel of tricRnbrane electrolyte 
systeBi and b/ a^plyinij the linear lav* of irreversible 
I i 
hWrn^im thmam^Q Uiiit-O VARIOUS i l l gLIil^ TFluLYTa AT DIFPEHBHT 
Og^HNTBAnoNS. 
Cane«rttr«tion8 ltl«ctrc»lyt«« 
iDjiijcr^/iMior^ o.oi o.io o.u 
5iHD*^ /5iijyD'^  0.04 0.13 0.17 
UWT^/lMUf^ 0.12 0.24 0.28 
ajtuor^/amcr* O.IB 0.28 0.35 
0 . 0 1 
 
 
.iB 
0 . 3 0 
0.3B 
0 .49 
l A " - A >^J 
0 . 1 0 
 
 
.  
0 .39 
0 .46 
0 .59 
iKior^/ixior^   o.46 
aailOr /^SlllO"*   0.80 
micH/iiiicr*   o.«2 
VALUES or pumsm^mnviTY Ft OF PAXHASHT d»?owtm CCPFER 
i^ jLPHiDE mmtim^B Ui»im VAmaii» i s i gLECTnjLYTEs AT DIFFERENT 
Cancintr«tion« Sl«€txolyttt8 
G2A»x \»w>/A 1 
uiKicT^/iAia'^ 
a>no"*^/aino'^ 
iKio-*/ i i« icr2 
snio'^/aiijur^ 
jicicr^/11110-3 
amyor /^ftnijEr* 
imor^/miior* 
Kci 
U) .24 
.^•jys 
«0 .042 
o.u 
0 . 3 5 
0 . 4 7 
0 . 6 0 
f^«ca 
O.QB 
0.122 
0 .28 
0.3B 
0 .5S 
0 .68 
0 .86 
i lcl •"" 
0.26 
0 . 3 0 
0 . 4 6 
0 .59 
0 . 7 3 
0 . 7 7 
0 .89 
i ) 
VALUss OF piim^sLecrmvt p« UF pAicnigKT i^UppoHrgD COPPER 
aiiowATE MB^ aiRANS utiiim VACUUS i t i a.ii^TajLyres AT DirFERgRr 
Coficifitrationt 61#ctxoiyt«s 
C2/^i (tolA) -gg l R3gr 2KI 
i^^Ur^/iMWT^ - 0 .01 0,10 0 . i 3 
SKiO-VaKAD"^ ^•^ ^'^^ ^'A* 
miP*^/ilHiCr^ 0.10 0,22 0.28 
amO^/SKlflT^ 0.16 0.27 0.36 
lUiCr^/UiflT^ 0.28 0.42 0.49 
fmur^/amUf^ 0 .34 0.46 0.90 
laJD'^UlflT^ 0.40 0.ao 0.36 
VALUES OF PHilNiia.iCTlVITY P« OF PhXmma SUPPORTED COPPEA 
KYDfiJXiDi! ^'^mmwm u^m VA^AOIS i s i a.acTi«i.YTss AT DiFFsn^nr 
Concantr«tions 
Cj/Cj^ ( n o l A ) 
iDxicrVuiiorA 
siijor^/5»icr^ 
iKior^/imor^ 
9ii*or*/aKicr^ 
iKlcT^/liciD"^ 
a>iiDr'/&ii£r^ 
ijcio"^/jutiflr* 
" I t l 
0.14 
0.24 
0.45 
o.ao 
0.69 
0.77 
0.88 
Sl«etxoiyttt« 
N«C1 
0.27 
0.35 
0.90 
0.98 
0.74 
0.80 
0.89 
• 1 
T 
Uti 
0.32 
0.37 
C.94 
0.62 
0.76 
0.82 
. ^}Mflf,:i^^^ 
MX." No > 
I 2) 
VMAI&3 OP pa^sBLecTxviTY i>« of pAXHmtt ajppoRm) IHM 
mnjnaoB mm%nm& USING VARicxjis Uk aLiCT{|[)LyTss AT Di?nma 
CofieflntK«tian« 
iPnur^/UtHf^ 
amjir^/SKio"^ 
iMuy^/uuf^ 
3itiflr*/aKiflr^ 
joiijr^/iMUf^ 
imjor^/teior* 
juncT^/jUiijor* 
KCl 
Q.Q6 
0.14 
0 .24 
0.32 
0 . 3 i 
0 . 4 i 
0 .43 
ei«etroLyt«« 
N«Cl 
O.iB 
0.24 
o.aB 
0.44 
0.49 
O.SI 
0.92 
L i a 
0 .20 
0.25 
0.40 
0.47 
0.95 
0.99 
o.ecc 
£9 
VALUES OF S r ^ n V i F I X ^ QIAMSB O^J^SITY ^ (BOlA ) OSTAZN&D 
Ffoi KOflMTiicrs p&ms^scrvnvc METHOD FUR VAaiaus angtiffiiANi 
ttmmmmtmmmmtmmtmmmmmmmammmtmmKmmmmmmmmMmmmammimmMmmmmmmmmmtmtmmmmmimmmmmmmmmmmmmmmmmmmmmmmmmmm 
«„..•..,«. ^ .. . 
copper aulphid* ^ n U? 0.39 
CopfMir ( ^ i« i« t« ^ % If^ 0*03 
Copper hydxoxicto plx » 0.10 
Xxon aulpKld* ^ n uf" O.XO 
10.0 
i..eo 
3.90 
0.30 
i.TD 
X6.0 
7 .1 
1.0 
0.6 
3.6 
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ti)e£Bicxiyn«»ilcs for th^ t flow of «iiat«r» cations «nd ^rrlons In 
a nexjativuLy charge & «^£t>rdoet ddcivvd the foIX<mlnq •quation 
for fiicnbrane potential 
tm » F%i 4' * ^ . . • { i4) 
««h«rr@ the dl ffusion pot^mtial 
* 
dUna^  
r T. V 
ift/F J -«-^: —- dlna 
'am - ar/F in *^ \ 
*1 *2 
v«h^ ro a. ia\d au ars the activitid* of tha ol^^ctrd/tea on tb« 
t^txo 3id»« of the mecabran^ t the <Mr«rl}ar rof^-rs to tha phanceitima 
in m^abrana pha&d* '•^ o ^^ ^ ^ fl<^ of electrolyte in the 
absence of an ^sttemaL t^loctric fi@ldt the other syaibola hava 
their usual significance* un Interpreting equation ( i4) in 
the limit of high (?lectrolyta concentrations across tha 
v^miiTisrui^ una obtains tha fQliov4ng equation for the 8i0.vii}r<^ ie 
potantialt 
-a» • m/r (gk/2H Y'^ii i/c^ • W/F tu« v)/(u ^ v) 
iM 
* • itfc (u - V) K 
mimmmmmmmmmmiii i i M U M m' — 
^ - ^ ^ J 2fm:Q V ic 
89 
2RJV mB^K _ _ — . . . ^431 
( i - »:,f^  i 
2fm^ VIC 
o 
o 
At sufficiently high alitctcoiyto cor>c«ntr«»tionst ^quittion 
(15) can d«» approKifsatcd to thi> f i r s t t&xe only 
«3e • ^ ' ( - 1 ^ ) C"^^ ) - ^ ». . (16) 
acfkiation (16) pr^iiicts a l inear volationthip mtymmi &» and 
I/G2 fPOBi vMch )j^  can b@ c#lcylait®<l. S»lot» of ma versus l/z.^ 
fur the e.oeibr i^&tt are rd,i£«»9efltiNl in Hq, 1*6 (A*-F). A svt 
of fitr.iiaht i ln^s in ^rm^^nt «^l^ equation (16) ara obtained 
Tho valuas of j/k daxivad txam tha alopa of tha Unas ara 9iv«n 
in T«i3i* 1.7. 
Th# viduoft uf fixf^ c! oh«tj^ 3e J^tsltiaft avaluatad froe 
diff^rant mat^ MKis ara alriost the sasia. A l l t t l a diffavanea 
B&f lie attxiiautad to the diffarant proeadura* adoptad. Zn 
(janeral, ^ t i rafura , i t Esay ba conduilad that tha rmuiiarmno 
€l3etruiyt« isf^tms im^mr lfivasti<|ation posaass low flxad 
dh^sq& dmrni-ty iMhadTt can oa avaluatad by any of th« raeantly 
davalopaJ methods oaaad on the pslneiplas of irraversijala 
tiic«£eiodyn^nics • 
^•^9 
o b 
Fl§ i-6CA,B>C) Ptots of Membrane Potential Em, against ! /Cc> 
for vanoui i : i electroiytes through CA) Copper Arsenite ,CBO 
Copper Sulphide and C O Copper Hydroxide membranes. 
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VAUHS OF aFFIl^ TlVE FlXiC^  CH/ifOE aENSlT/ ^ (eol / i ) uaT/Ot^ a) 
l i ^ ^ i ^ * KCl NiCl LlCl 
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Copper chrottat« $^ x iOr 5,2 "^ .T 6.3 
Copper hydroxid* Q^T x 10^ 8.S 12.7 9.9 
Zxon Mtlphid* $ir X 10^ 7.5 9.0 8.0 
H«n agg M«iDbr«n« (iST x iO^ 3.6 5.2 5.4 
Duck Sm li^ «ni>r«n« 01^ u 11^ 3.7 4.3 3.3 
n 8n 
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DiftusicNTi of sd l t s in jxalycmrs i.s c iose iy r<>ljt«d to 
^ o ionic trar)>»iK»rt ^jtrnxji^miB In ¥<a£ious 6yst«iast • • 9 . , icn 
«Kchang9t dyenin^St ^^d, lalologicaL systems* Various th^oriss 
on tho dlffusion of simpi« s a l t s in m«i!)br«iss h<i¥s twsn 
t&gortmi ami ar» rvwi««^ «Kl coespr^h^rnsivsly dy KeifforLch (X«^)» 
L^slcsinarayansi4^ ( 3 ) , juck (4) and others in an fniptMncUng 
l i taraturs . 
»tudl«»s ufi tjf» ^iiffuaion of s a l t s across s f»«isi»rans 
hdVo &ut| ii€»s.tc>a srtv«iraL <ii9tsii:<ilar D9chitf)is{@. l^ith ths incrsa* 
sincily diverat? typ<» of ion #xch^ .>n^ e Si^niar^awB avaiiaid.0 thro^tgh 
r«c<!!nt progress in chcitristxy f i . ^ . * solid ( i ) and l iquid (!V7)« 
organic (B«4^ ) and inorganic (i.i» JU)» porous (12) and non 
porous iJL3j~] , the <»ff9Ct of mm.iOj:fm& stxucturs en amibrane 
propdrti«s are a^cctuxng xitt^x understood (14, i .5). Such 
undar^tdinding i s rtil<*v^)t to the dsvaioprasnt of physical 
eni^tlan'tlons for tho aioalectric and iofwtrsnsport prop«»rties 
of 'oitmi'^iiiTjiios* ima^AtQ th«r incrsasingly i»osd (16) and 
d£^talled (17) descdption of isiolcigical ionic permeability 
and i^ Mcibrtwie structure* (IB) thi^t have l»»en given» the 
physical meehanisbt oy vhldh ions cross s u ^ metiOiranes are not 
knovfi iUb) ard «ir» the subj>^t of diverse speculations. I t 
has, th^refor^t o*t^n pc^tuiated <dnd rath<?r v^idely accepted 
^ a t ion p^rcie^tion u t i l i s e s one or »rore of the folloi>4ng 
Kechanifli^ist pores l i n ^ by fixed charges (19, 20) , lic|uid 
JB 
Trar^sport ah{«non«n« i n et«miaran9^ i s uw ia i l y eharae* 
te£l3«<J by amoucttsic&t curr«nt-.voltag« j ro l^ t ionahip, i on i c 
fliocds and snxiormw p o t e n t i a l s . Th® ia«eibrdna eonductwteo haa 
bdon found t o 5e dop«rr.de:it upon tho i n t r i n s i c propeiti«»s S IM^ 
«ft f i xsd ct>dr9d concentrat ion* t<iB4><»rciturs and the coi^poi i t ion 
o f th<D <jKtarr^di solut i<^a« rb<* di<i{)«!rKiene^ of spec i f i c eonduc-
t«ie@ upon ti\& cctf ic^^tratlon of the ^nt^n^al so lu t ion c«n bs 
q u a i l t a t i v « l y pr<9 t ic t^d from th« f i xod eh^cg® ths^zy of 
T«of« l i« 
I n tti& case of S€?^.«.* affnardnds, p a r t i c u l a r l y diGei«)Oior<Mies» 
^ o spat ia l d i s t r i b u t i o n o f thi j i n t ' d r s t i t i a l icmic ftolution 
%dll t» d isturbed i n an unav^m manner or a i ; ^ ica t i< jn of ihm 
mmsMitiiH cur rant pa rUcu lA t t y i f d .c i « «^|)loy«Ki, This gives 
d s ^ to nonl i r ioar r«»i3tanc«s aiKl i j ru*s lam cannot bs 4^>plifid 
Ui such systeCiS. i n thenm c<^ s«s e i t he r a f^ak d.c* o r a Icat 
a.c. o f hiv)h fi^:^fi<ncy ma/ a«» USCKJ. Thus tha theor«>tical 
rasistai ica p&r u n i t araa i s givan (27) aa 
(( 
a - i / f f ^ / ciii/D ••• V . . . ( A ) 
vhere t l « i ^ " *^ * ' * ' ' ' cat ions and V » ^ 7 . ^ . f o r Mrtions. 
'iqp.itian ( i ) canriot bo int^agratad aaa i l y ainea tha d i s t r i b u t i o n 
o f ions i n o.4»a>orano phasa i s not un i fooa . Aa a r asu l t t tha 
noniirst.»ar-char«4ct*»r of tha £n«cibrar># rasistance* i s considarad 
i n t&mi» o f tha concept o f dynatiic r«sistanca ( 2 6 ; vthich i s 
daf inad aa di-/dX. For tha t o t a l conductancaa G o f a b io log ica l 
^ G , « -"Y^^^rjs—^^-^k 'M > L " . . . ( 2 ) 
^ « i ^ L «snd P ar® «ipre«9ed i n t^r&i» o f tJ, t? «ftd P. • ' H ^ / d , 
^ c ^ t l y * Kobat<ikfi and Tatotei (29) hav« In teorated 
miuatior) ( i ) f o r th# simpl® case o f t«i!o i»ii*<Vdl«»)t eat ions 
(cox ion* f l un a Oj iffid olaitadntid the r@laticrii 
j^ - i i t / f ^ . . . (3 ) 
«jh«»7e r i s ^ « &«rabr«n« r&s i tane* . aquation (3) ^^9 founti 
t « o« appliCislaie to «s r t i f i c i i i l as wa l l as n^jtural iimii'!3rim«& 
doth i n t h e i r rost int) ^^d act ive fttatos. 
The t ran f id t i v^ s ta t# thcsory (30> has i»m a f : ^ l od t o 
d i f f u s i o n pruC{}!)so» i n mmmp&iwB hy mivmrai i nves t i ga to rs . 
/:«--0iinskl, l i y r l r t j cmd .•^M^SO {31} ecmsidsrad ths d i f f u s i o n 
processes as one o f th<F> oasic phmnmimns f o r susta in ing ths 
gnjk t h and dav« lo^en t o f i i iants «r)d an isa ls . Thay presantad 
a det4iil<»d k i n e t i c approach t o d i f f u s i o n «t i ic^ e i a r i f i a s mtdh 
«»st«ioIi^}u><} €u»c>^pta and provid«;8 iiBp^tus t o a f r»sh approach 
to th» }jrottl«ti3 i n f l « i d o f oioLoaieal d i f f u s i o n * ^ h u l ^ r t 
f^ai^as and L«iidl'>r (32 j hava also t raa tad tha k i n a t i c s of 
mmxiiffdii^ t ranspor t undar ataady s ta ta cond i t i ons . Tiion and 
Tinti (33) hava a p ^ i a d th# t h ^ r y o f al>aoXuta r#act ion rata 
•'. C' 
1/ J 
to tho dlffui ion piocoftses through tiUdy»r m«sbr«neft (ajit) 
for th« ur)d«irstanddn<^ of ^ictuid QaehaniaBi of transport 
t rough livirK} m<miiri»iQ%» Gainor (34) «>nd NJV«xi «t «l • (39) 
have a p 4 . 1 ^ absolute ra^ctton rate theory to the diffusion 
«c>f solute in poiyiB@r solut ions . They att^^ed ittportancst to 
thi* Inflm^sce uf tha polyiR^r can the activation energy for 
di f fus ion. j«»c«mtly rsiir^boukis and F«*tropoulos (36) detor* 
i}.in«Mi thti cUffusion co'jff ic l^its of a lks l l petal ions through 
C0liul3e ^ e t a t e i»4i.bran«i3 ^td discussed the results in t^ro^ 
of ^ e .;>ore structure t;30dttl» drvd lijima ot al, (3(7) used 
^ctivatioTi anaiy-fiis for tha ins/ ^ti^ation of me'chcanlan of the 
diffusion of iorta cf s iuple s a l t s through polyaKilde m^^branes. 
In t h i s chaptir* the s ^ c i f i c conductance cnaamirKients 
of p<»rcNu@nt supported iron sulphide &nd copper arsenite 
Bie{r^ rctf)s»8 in contact t4.th ciifforent concentrations of tmi** 
valfsnt (alkal i metal chlorides) e lectro lytes at various 
ta®par.stures (25**, 30°, 35°^ 40**, 49^and 50®G) are described. 
Ihe (Si^ibrane cor^ckict^ tfice data have been ut i l i s ed to calculate 
vaxlous thensiodynar.iic pardiaeters l i k e energy of activation Ha* 
a^thalpy of activation z^iU f*«» energy of activation AF and 
tho entropy of activation a s by Xhm appA.icatlon of absolute 
reaction r^ate thtiory, i n order to understand the trsechanias] 
of ionic tranr.port throu^ih the merr.br^fies. 
(J tj 
Tb9 Bi^ thod of preparation of pajcchB«nt supported 
iron sul|^iid9 artd coppor ar»«nito i3«inoran«ft «s su^q^stod )jy 
3d() .ind co«wu£fei>r8 has beon ylv«»n In Chapter I of t h i s t r e s i s . 
Th« v;ash«d c^ wt)br»n« I s ^ o n cut into a r«^lr«Ki si so t o tie 
soalad b«tfc««n ti&o h^if c e l l s of an oloctrochomleal co l l of 
the t )^e o^MTi in Fig. 2 . 1 ^ Ttio half c e l l s tKore f i r s t f l l l s d 
vith iJloctroiyt« solutions tKCi, r^ aCi or LiCl) of def inito 
cc^ciHit rati cms to sc^i l ibrate th« D«^  brano. Tho solutions 
«^ or«» th^i rspl^cdrd tiy puilfi«d D^rcury <« i^thout rsmovlng the 
adh«£in9 surfaco l iquid (38) . PlatintiS} oloctrodss dip{Jing 
in i.n<a>rcury v.oro us€»d to €»std£d.ish oloctrieal contact. Trai>^ yed 
a ir isubolos at tho m«)C2bran«»is^ rcury Intorfacos v»#ro removod 
iiy t i l t i n g th« c«fll buck ai^ forth. Tho mmttrmw conductaneo 
teas iQoasurod en a direct reading conduetivity motor (303, 
.ystrunies) at a fro«4U(irjcy of 10 Ht. All mo^yremonts ««rs 
carricKl out usinf) a tb^^jctiiostat c^aintaincKl at toi»p(»rdturos 
25**, 30**, 35**, Avi**, 45** and 5Q®b ( • Q.i*^). Ttie eloctrolyto 
solutions vioro proparad ftxm analytical grado r#«ig«nt8 and 
doionisad w.jtor. 
The specif ic conehictance of pafchaBont supported iron 
oull^ldo .md copper arsonito m«c*bran«s oquiilbratod ».ith 
_j L 
Hs 
Membrane 
1/j 
•Pt Electrode 
Hs 
Flft. 2 l C e ! l for Measuring Electrical Conductivity. 
1 
diff«r«nt 6one«ntr«Uon» of vazious JLti. •l*ctxoXyt«« h«v« 
^«n &i«»asur«d at t«B)p«r«tyx«» ranging £»»» 2 5 ^ to 90% 
(• 0«I.^C). The results ara givan in TabtLas 2«x, 2.2 and 
dipietad in Fly. 2 .2 , 2 ,3 . 
lb a sp«?cific conduetanea of both tha s)«ci5ranaa first 
incraaaas linaaziy «»ith tha squara root of concarrtration of 
^ a ba l ing alactroiyta Mtiutions and attains a maiticMB listi* 
tin^ V4J.ua. This iTahaviour was aa&n «iith all tha alectroLytas 
usad at al l tha tanparaturas as thomn in Pig. 2 ,8 . 
The diffusion of alf^ctzt^yta through tha issatibrdna i s 
slowar than in fraa soiution. I t i s dua to various raasonst 
( i ) only a part of the fraata Mozk i s avaiiabia for fraa 
diffusion (39), ( i i ) tha diffusion paths in tha mambrana phasa 
itt9 taore tortuous imd therafora longar (40), ( i i i ) tha largs 
hydratad ions in tha narrov^  nash ragion of tha laae^rana laight 
if iApadad in thair oobility by tha frae^ a inotk and (iv) intar* 
action of i^e diffusing spscias ndth tha fixad chairga groups 
an tha »anbrana matsLic. thm flow of ions i s , thoraofre, 
ganar«dly iargar in tha mora opan structure of tha eiwntirtaw md 
dacraasas as tha ^aobrana shrinks in mora coneantratad solution 
dua, in part atlaast, to incraasad obstruction of tha polyeaar 
natriM as tha diffusions! pathways bacooa mors tortuous and 
l^at tha fractional pora volueia dacraasas. un tha othar hand, 
tha alactrical cc^nductivity should incraasa ^Ith tha incraasad 
salt uptake. Thasa t»«o opposing affacts oporata sinHiltantfOimly 
1 
VM.USS OF Q9^&l9im SPminC QUmUClMfQ& ^ ( • si! tmT^} FOR i t i 
a.8CTict*yr6s AT VAISOUS ouNcmrmnoHB ^mi rm»&mivm^ ACHOSS 
Bl«etiolyt«s 
Gofie«ntr«tlont 
(Hoi A ) 
TMip»r«tyx«8 
2»°c 3oi**c ja^'c 4o**c 45*\: 9o*b 
D.Oi 14.45 Xd.S9 16.99 17,7B 1&.40 19.99 
KQ 0.001 3.39 3.80 3.80 3.9B 4.46 4.68 
0.0001 2.69 3.16 3,16 3.3D 3.89 4.21 
0.01 12.98 13. i8 13.90 14.80 19.13 16.22 
NaCl 0.001 2 .63 2.82 3.09 3.26 3.39 3.71 
0.0001 2.10 2 .34 2,97 2.79 2 4 0 3.23 
0.01 12.02 12.99 13.10 14.12 14.96 19.90 
U a 0.001 2 .24 2 .39 2.91 2.79 2.99 3.09 
0.0001 1.99 2.09 2Ut4 2 .45 2.60 2.79 
1 S 
TASLE 2 ^ 
a.ecTfCLYT6s AT VAmoua cQNCSNTaAnuNs «^»e Ti»#emiums tcm^s 
ei*etzolyt«8 T4Hiip«ratyi«8 
Coficflfitntions (Hoi A ) 29*>C 30<^ 3B®C 40®t 4 9 % 56*b 
O.i 33.88 37.45 3»,70 44.67 47.60 5 0 . U 
Ka 0.01 23.44 25.06 26.30 28. iB 30.76 32.98 
0.001 4.89 5.31 5.69 6.15 6.76 7.33 
OJQOOl 2 .63 2.88 3.31 3.67 3.V2 4.40 
O.i 28.00 29.90 33.25 UJOO 32,40 34.55 
N«a 0 .01 20.65 21.88 22.13 22.39 24.00 25.76 
0.001 3.63 3 3 4 4.07 4.3D 4.95 4.80 
0.0001 2 .63 2.82 3.23 3.35 3.71 3.98 
0 .01 13.00 14.12 15.90 15.84 16.S0 16.98 
U a 0.001 2 .63 2.78 2.95 3.02 3J t l 3*3B 
0.0001 1.76 1.86 1.94 2.10 2.21 2.32 
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1. s 
and at higher concflntratlon* as ahown in Pig. 2.a* th9 affaet 
of salt uptaka liy tha naaibran* ovareottas tha affact of 
Inecaasad toxtuouaity and ttiMa tMnbrana eonduetanea tMCcaws 
alBoat eonatant* Ihla la in aeeoidanea «dth tha flndlnga of 
pataraon in tha eat* of C6QK and C608 Raatbranoa «lth NaCX 
uaad as Invading alaetvoLyta as wall ae thosa of liJlMa at al* 
(36) for nylon nanbrvvas «dth various alkali ohloeldos. tha 
aaqitanea of naa^rana conductanea» for tha alkali«4Batal ions 
undav idantieal eondlUon was K^y Ka% Li^» whleh i s paraxial 
to Moiiility of alkali-««tal Ions in «<poous solution. This 
satittanea rofars to tha faet that tha SMNsbrma i s waakly 
chasgad (4iii-44) m*d tha ionic apaeias ratain thair hydration 
ahallSf atlaaat partially (45) . This i s in ftill agroaaant 
ndth our raaults of chasga dansity dataaninations (Chargo 
1 0 * ^ ) . Tha sal activity of alkali natal ions in ion axchanga 
r*«in mas discussod in dotail by na&chanbarg (46) . 
Masibrana porosity in ralotion to tha sisa of tha hydra* 
tad ionic spadas diffusing thsough tho aaMbrano saaas to 
dataiadna tha alaova saquanco. Although tho sisas of tha 
hydratad alaetxolytaa »X9 not knoMi »dth cartainty^ thara 
•f a fan talMlationa (47» 4B) of tha nuabar of aoXas of natar 
associatad «dth sono alactrolytas. Howavart in Kg. 2 .7 , a 
plot of spacific condttctanca of diffarant alactrolytaa against 
fraa anargy of hydration of cation (49) i s givan for both 
tha Manrfiranas. I t i s saan that tha spacific conduetaneo 
1 - ^ ' 
d«er««s«s »dth incrsaaln^ hydration ttn«rgy« !•«•• greater 
s i io duo to incr<iaso in hydration. This p<dnt8 to iii« fact 
that th«» al«ctxolytG i s dlflualng alon^ th» poros or channels 
of diciMisions adecpjate to all OK th« substance to pMistrats 
the mambrcine* The state of hydration of the penetrating 
electrolyte sr.ay be considsred to e«ist in a dynai&ic condition 
so that at hiqher teiaparaturee considerably higher fraction 
of the total nusiber of a given kind ««ould possess excess 
energy A ii per mole according to the aoltmain distribution 
law f • e" ^ '" {t\ i s the qa» constant)• Under such 
conditions* those ionic sp^^cies «>hich have lost sufficient 
water of hydration to be sDaller than the pore s i i e i^ ould 
enter the m^dbrane. In this «sy ^ e ionic pecG»eability or 
the specific conductance vtould increass with incrsass in 
toiBperature, subject* ho«vever» to Ute proviso that thm 
meo^rane has undergone no irreversible change in i t s structure. 
That no such stxuctural change i s involved i s evident fron 
the linear plots of log;^ vs . k/T sHovtn in Fig. 2 .2 , 2 .3 . 
The slope of these l ines gives the energy of ««tivation as 
required by the nrrhenius <»c;Mation. Tabd.es 2.3^ 2,4 !^ ov^ ed 
that t^e activation entajcgy e decreases «idth increase in 
concentration of the bathing electrolyte solution and that 
for different electrolytes at a particular concentrations I t 
folloimed tha s»<:^ 0nco Ka^ > y Si^^* > ^9,**- • The activation 
«jnergi09 for ionic trvinsport across a mecabrane follow the 
sequence of crystallographic radii of the alkali laetal ions* 
1' r^  
V.han the pandtrant movos in a -^iyraor suostance containing a 
rolat ive ly scidll amount of v-atv^ r* i t s emotion fiiay oe governed 
by th« sogffiental mobility of the polvR>>r and i t s d l f fus iv i ty 
tr.ay dA^ e^nd cat the probability th^t tha segci^nt «iill nAk« « 
hold i.irgia enough to accomodate a penetrant 9p«ci98 (90)* 
In such a systora th« activation 'T^rgy *^iii incr«as^ vi th 
incr^ se in p#n0trc!!t s i z e , i f t h i s i s th» ca«o in our 
aystdr>i, the J9i^nd9nca of th«> actiVditian energy on th«» kind 
of alkali Qii'tdi. ion nay b« interpreted in t^ims of crystal lo* 
graphic radius of th« ion, tvhich i s consistent with the result 
obtained in tht* d i f fus iv i ty ©oasuracjent (37) . 
the theory of absolute reaction rate has been applied 
to the transport processes in menbr^nes by several investiga* 
tors (31-3^, 11, 16, 38 i , Follo»fting tiyrlng (30, 31^ v.e havei 
7^ - iW,h) . - ^'^'/'".e ^ ^ « . . . ( 4 , 
«^here /? i s the iseabr^ie conductance, h the rlanck constant, 
R th# gas constant, r^  the /^^qinHxo nuBib<»r and T i s the absolute 
taiBper'<ture, The free ''i. xjy of activation A r for the 
diffusion of ions i s related by th<^  viiobsOlels^oItx e<^dtlont 
AP » /\H - T Ar, . . . . (3) 
The ontaply of i5ct1 Vtstlon A H i s r«-*lated to th^ * Arrhenius 
energy of activation Bs by 
I l l 
g« M AH • HT • • • ( * ) 
A plot of loo A^ Nti/HT vt* V t tvm ojcpoxlaiintol d«t« 
9ivoo a ttral9l)t iinot tho olopo «id intoioopt of tiileh glvoo 
tho valuo for A^ H «id A S • • tfMHiiiMloil by oquoUon (4) . 
this JusUfiot tho ^>pLlcaliiXlty of o i^aatloii (4) to tho systono 
undor invootigotiofi, Tho dorliftd voluoo of A H and J^ S 
woM thon ytod to obtolnod tho voluo of A P and 6a» uairiQ 
o«|iiationa (5) and (6) . tho valitoo of vaiioua thonodynanle 
aeUvaUon par«Hitora Ea» A%, z^ $ and "^^ s dofivad in thia 
way for tho dlffita&cin of vaxioua oloctrolytoa in tho aaabrano 
aro giiNii in Talilo 2 .St 2 •4. Tho roaititt indioato that tho 
olootzolyto pofRoation ia aaaooiatod «dth nogatiiio valnoa of 
/\ 'i* Afiooxding to gyiing and eoMoxhort (30t 3i)« tho valuoa 
of A^s indioato tho Moehanigo of flow* tho lav9o poaitiva A s^ 
.baln9 intospxotod to rofloet bvoaMlo of bonda* Iho nogativa 
A^S valttoa axo eonaidoxod to indioato Hthor fomatlon of 
eovalant bonda botwoan tho panotrating apoeioa and tho aMibrano 
«atoxial» or that tho ponaoatlon through tho Monbrorio say not 
bo tho rato-detoffining atop, Accoiding to tho *Zono hypothoaia" 
dovolopod by Sarror (U* 37, 40, 41), a high A^s, which f>aa 
Mr^atod idth highor anox9y of activation for diffyaion, 
wmm% oithor tho ojdataneo of a largo sono of activation or 
tha rovoraiblo looswiing of iioro chain aagaanta of tho BaKtoano. 
A low ^% th«n aoana aithor a asall sono of activation or no 
looaaning of tho Mn^rvio atruetura on tho poaooation. In 
TAS.E 2 ,3 
VALUES OF THEflilODY»UiaC PAAMKBT^ R^  S«» A H, A^S im> ^ t 
«37H CinFaiiaiT CONCaiT^TlUNS UF VAHlUi:* i l l iSLSCTHyLYTS aJLUTlvJlut 
^ ^ "^ 
a«ctxoirt«« Urn AH oAn AF 
Ka 
N«Cl 
ua 
0.01 
0 .00 i 
0«Q001 
0 .01 
0.001 
0.0001 
0 .01 
O.QOl 
0.0001 
2.46 
2 .63 
2.92 
1.97 
2 .«7 
3.09 
1.77 
2 . 0 0 
2.87 
l.fMI 
2 .21 
2.92 
1.35 
2.09 
2.49 
1.19 
2 .04 
2.29 
92.94 
99 .eo 
99JB7 
93.3B 
9#.2e 
96.91 
9wi.<Sl'^ 
96 •9B 
96.80 
16.40 
17.30 
17,33 
16.99 
17.49 
17.90 
16.60 
17.46 
17.60 
I ' O 
.«.<> 
TAa.e 2.4 
VALUES OF THEa*ODVIW*aC PAiV^STSIISt Ba» A H. A ' ^ F ^*ID ^m 
lOa PAiOtlBNT 3i^P0Ktm IBUti SJLPHXD6 MSMaRAHli IN CUNT/CT HXITI 
DIFFSI04T C3QNCa4TaAncNS OF VAmoU^ isX ELaCTHOLYTe iUATtlUti^. 
ai«ctxolyt«a 
Cofietfitraitions 
(l*olA> 
Kd 
utd 
u a 
oa 
0.01 
o.oox 
0.0001 
0 .01 
0.001 
0.0001 
0 .01 
0.001 
0.0001 
ICCol. 
2 .97 
3.07 
3.25 
3.92 
1.75 
2.32 
2 .93 
1.T2 
1.95 
2 .33 
KXal . 
2.35 
2.45 
2 .63 
3.30 
1.12 
1.70 
2.30 
1.10 
1.33 
1.71 
50.99 
51.84 
54.61 
55.78 
52.48 
55.78 
56.10 
53.24 
56.47 
57.20 
A^F 
K.Cal. 
15.80 
16.07 
16.99 
17.30 
16.28 
17.30 
17.40 
16.50 
17.66 
17.73 
™ 
\ ^ 
- c ^ 
2 : 
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1 
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1 
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30 
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Fit.2 5 Eyrini Plot of ioi ;r Nh/vs l/_xlO for Copper Arsenite membran* 
at different concentration* of CA) KCI C6) NaCi (OLiCI. 
ii6 
vim of th«ft« dlff«c<me«s in tha Intorpcvtiition of A S« 
SimlXor tft i i« (32), who found nog«tiv« A ^ v«iuos for wgwr 
poflBoatlon through coLlo<ilan ««B«iiibr«n«s, h«vo tuggostotf %ti«l 
i t MoUld bo eojnroet to interpzvt th« laioli no9«tivo valuM 
J: 
of A 3 eoehanic^iy as interst i t io l pomeatioD of tlio • • » • 
brmm (i*««» minlouB chain loosoning) ndth partial icmobill* 
latlon in th« mvmbrsnm («B«LI xono of disordor). on tho othor 
hand n«» and Ting (33) who found nogativo ^ i i valuos for tho 
poin»ation of ikator through vory thin bilayor noMbranat* 
stressod tho posaibiiity th^t tho »« brano nay not bo tho 
rata dotomining atop but tho aolution. •OMbrano intorfaeo 
v^ as tho rata dotoflnlning step for pexmoation* Migativo A S 
valuos for tho syatoM undor invootigotion (My bo aaeilbod to 
tho partial innobiXixtfUon of tho iona «rithin tho uiwibrano 
and thoir intoractien «dth tho fixod chargo groups of tlio 
an tho othor hand «»o havo (It ) 
and /fm 2.72 icTd^/h) ^ ^ . . . ( 8 ) 
vlioro K i s tho dottsnann constant and d i s tho intorionie 
iunp distanco* i . o , , th« distitfice betwoon tho adjascont oqMi-
libiluB positions of tho fiffusing spocioo in tho mMobrano 
phaso. 
Iho vaLuos of A I* obtainod fron tho intaxeopt of a 
iinoar plot of log A vs . 1/r. ^iubstituting tho valuos of 
hi 
A S otit«ln«<i ffom •qu^tian (4 ) i n •ciudtlcfi (6 ) « • otat«lfi th« 
vaiii« of th« lfit«xlartie Jump <list«ne« d « i«0 A » Tli lt valiM 
of *di* i.8 not unusual in those systteis. Vftclout Invet t iga* 
tovs (3i^-33, 48» Sit OB) H«vo uMa thtt mp9TieMi. valuM of 'd* 
ranging fcoR 1 A to 5 A to dot«xsiin« tha antxoi>y of aetiva* 
t ion for tha diffusion proca&sas. 
tl^e arasultt of a l l thotkm invastigations aro that tha 
ffianl»r«Fia conductanca c^ «i fern datajEOiinad at diffarwvt tanpara* 
tuzas «dth raasonaMa accuracy. Itia nanbranas »n waakly 
charged and tha ionic spveias ratain tha i r hydration shall 
atlaast par t ia l l y ivhila diffusion through tha easibrana poras. 
Nagatlva A T v a i u a s suqgaat that tha part ia l isecibilixatian 
of ions takas placa c^oat pxohalfty dua to i n t a r s t i t i a l pacsiaa^ 
t ion m^ ionic intaraction « l th tha fixad^ch^rga groups of 
tha ffiflKtbrane skalat<Mi* 
In Ei9S. 2^^tha individual ionic distribution to tha 
property of axfieoua ions givan tf Hoyaa i53i» n«ialy AH 
hydration* AP hydration and AS hydration of K^, tf* m6 U^ 
ara plottad against tha corresponding AKt Ar and A S valuas 
for diffusion thjrough tha i^oiribranas. I t i s found that atlaast 
aona foaial ralationship aKists iMtwaan ^ a s a thamodynanic 
paraaatars* which consaguantly supports tha absoluta raaction 
rata approach for tha invaatigation of tha ionic transpoct 
nac^anisB in tha syst^ Kss undar study. 
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i^D}Ci^^c patCXPiTATi Mdiftai^ ^N&s. 
1 fc) 3 
tool for the drt<dysift of tnany 9l«ctrocbQCkic4i systems• inclu» 
ding c e l l s v^ 4th sol id artd l iquid #lectrolyt«s» semiconductors, 
as «vell as th^ ar t i f i c i a l and bioloQical tiari&ranas. The 
theoratical and exparimantal study of necibranes and cal l 
ioi^iadance has t»ewi in prograsi^ for muify y»ars. Warburg \k) 
(tovalopad thd theory of the diffusional impedancas and derived 
tha sKprasQlon for i t . The recent ^oxk of Macdonald (2 ; 
provides the most complete and systematic treato^ent of the 
smidl signal a .c , response of conducting ce l l and iserrbranes. 
Frotr; thd impedance measuree^ents arynza et al ( 3 ; shovved that 
passive layer fonned on t i taniua has varying nature dependent 
on the potential . Lakshminarayanal^ (4) has prepared coapo-* 
s i t e membranes of polystyrene sulphonic acid and detezi^lned 
the iiiipedance characterist ics of these ineiubranes anr< discussed 
the results in tezsts of resistance and capacitance character* 
i s t i c s of simple aeoibranes from ««Mch the coiiiposite structures 
have bean fonried. In order to understand the behaviour of 
the coKipLex l iv ing inembranas, siisple polymeric mefiibranes for 
so^etime ( 5 ) , l i p i d bilayer meiabranes (i>)^archoant \7*14) 
and ridllipore f i l t e r paper (15»i6) supported taembranes in 
recent years have been used as model by a nunber of i r v e s t i . 
gators, m a ser ies of theoretical papers, Kedeis and Katchalsky 
(19) have discuaseri the behtsviour of complex tQetribranes. '^ch 
complex mer branes have been prepared by Liquor! and ^otre (20, 
21 ) , Liquorl, Constantino and a. Segre (22) , Hays (23) and 
D« K0xoty (24), and uMd in ttm ttudltts as moa«I» bf !Kytr« 
• t a l . (25) and Hays (23) to tind#rst«nd th« tiaKawlour of 
living n««br«i«9. i^ « hav« in a MZ&as of papers (7»i4> 
r«|ioxt«d vaiioua inof^anie pracipltata nambranas «ltieh haw 
baan u t i l i sad BM a nodal for undarstandlng tha M^haRlan of 
transfiort throtiQh naartMranas* 
In this chapter tha alaetxioal rasistanea and c^ac i -
tanea of pardNsant supported niskaJL i>hosphM a^» cobalt j^osphata 
and a eoa^ax niekai-eobalt phoi^at« «anliranas in contact 
«4th diffarant coneantrations of potassiun chlorlda and at 
various fraquancias hava baaNn SMsaurad. Tha aquivalant 
circuit and tha cd^aic inpadanca spactra hava baan analyaad 
for tha naMbrtfia elaetrolyta systan undar study. Thaaa para* 
Biatars hava baan dataininad in ordar to substantiate our find-
ings ragar^ng tha aachaniaii of transport through tha iMiibranas 
«dth partimilar rafar«ica to i t s function in different environ* 
aants. 
Cobalt and nickel phosphate Kaitbranes were prepared by 
tha Method of interaction suggested by aeg and coworkers (8) . 
To precipitate these nubstances in the interstices of parcheent 
paperv 0«2 H solutlcn of stMliyii tr i orthof^osphate was kept 
inaida tha gl«ss tube, to att9 end of i^lch v&u tied the parch* 
Bant ptts**^ previously aoaked in water. This was suai>ended for 
72 hours in a 0.2 i^ . soXutit>n of coaalt chloride. The tv^ o 
solutions «««re Interchanged l a t e r and kept for another 72 
hours* The iD<!cnt»rana tvas v^ashed vtith deloniied tnater for the 
raffioval of free e l e c t v o l / t e . Slnl lar proee lure vat adopted 
for the preparation of nickel phosphate membrane by taking 
0.2 M solutioTi of nickel chloride In place of cdbalt chloride. 
VoT the preparation of complex nickel-cobalt phosphate nembrane, 
a altall ar proce iure v^ as adopted by taking a mixture of 0.2 h\ 
rilCl^ solution and 0.2 ht C0CI2 solution In equlmolar rat io In 
place of nickoi or cobalt chloride. 
The e lectr ica l resistances f^ and capacitance C^ inen 
detesnined by sett ing up a c e l l of the type shcmn In F ig .3 .1 . 
The half c e l l s %vere f i r s t f i l l ed vrith e lectrolyte solutions to 
e c ^ l l b r a t e the m«%ibranes. The solutions rrere then replaced 
by purified mercury v4thout r£>cnovln9 the adhering surface 
l iquid (22 ; . Air uubbles* I f any, on the surface of the osemb.. 
ranes i«as ree<oved by t i l t i n g the c e l l assecably. A platinum 
Mire dipped in luercury was used as the electrode. The us& of 
long electrode ««ds preferred In order to avoid t i p iQpedimee. 
Itie capadtance and resistance were measured by a universal 
Impedance bridge at different frequencies ( i«6 KHx). All the 
tneasurf^^its Vi-^ r^  carried out using a »«ater therex^tate main* 
tained at 29 ^ 0.1*^0. 
1 
I LCR 
I Bndae 
Pi electrode 
Membrane 
F i ^ 3 l A cel l for the measurements of Membrane 
r e s i s t a n c e Rx and C a p a c i t a n c e Cx 
l e i J 
The Vfdu<>s of ffierr.oran© reslfttanco H^ and mdfDbrane 
cap«citdnce n obsaxved across parcNaent supported nickel 
phosphafta, coOaLt phosphate «nd the cccipleK nickel-cobalt 
,ihosphate oea branes equilibrated «oith dif ferent concentra-
tions of potassium chlozlde solutions are given in Table 3 . i . 
The effect of frequency on R^  and C for a l l the thrae cjeino-
ranes equilibrated «<ith o . i h\ ^x>ta8«iiiei chloride solution 
is given in Table 3 ^ . For comparison these are also depicted 
in Ficj. 3.3 as a function of electrolyte concentrations and 
ap{Uied frequoncy. H g . 3*2 and 3.3 indicafta that tN» ner.briino 
resistance decreases rdth the increase in electrolyte concen-
tratioTis and a.>plied frequencies for a l l the Uiree membranes. 
The decrease in ^^  n i^th increase in concentration nay be 
ascribed JUB to the progressive accumulation of ionic species 
«dthin the tcet&brane srvd thus eakiuq the mecibrand Diore conducting. 
The effect of frequency on necabrane corKiuctanee nay be in ter -
preted in terR« of the fast flKchange of polarity across the 
meoibrane v-.hich causes the le«iA:age of charge throut^h the dielec-
t r i c (iun trar sfer i across the tvso surfaces of the ffi^mbranes (26) . 
A roviow of Table 3 .1 refers that the tn^abrdtfie capaci-
tance, C^, incroases vvith the increase in electrolyte concentra-
t ions. Tt>9 variatior. in the values cf C may be attributed to 
the changes .produced in the dielc»ctric properties and the 
effective thickness of the membranes due to the accu^lation of 
i 
TAaLH 3 . i 
QUBmSi ypLUBS OF NtaiaRANH qgSXOTANCE i^(ohM) AlO MliMillVU«: C/a»^IT/«NG£ 
(jiF) AT A FaaOUaiCY OF IKHi FOR THH MaOHANES IN CONT/y^ T KITH AflUliOUS 
SaUillONS OP POTASSIUM CHLUHIDB. 
Umbrmm Hick«L phosphat* Cobalt photphata CoMplax niekal-
C«mc«ntration* eobalt phosphata {U9l/l) \(ohBa) C,(>iP) i\,(oNia) C (^>iF) f^(qhM) C (^>iF) 
2 ^ 
i . 0 
0 . 1 
0 ^ 1 
0 .001 
0 .0001 
Oaidation < V 
35 
47 
320 
900 
1400 
2000 
2 . 4 0 
1.20 
O.ID 
0 . 1 1 
0 . 0 6 
0 . 0 4 
• i: 5 oNia» 
60 
80 
510 
2200 
axo 
340O 
Daidatiofi 
2 . 0 0 
ia& 
0 . 4 0 
0 . 0 5 
0 . 0 3 
0 .02 
(C . ) -
100 
130 
600 
1490 
2300 
3000 
OJOOSi )»,¥• 
1.10 
0 .65 
o.ao 
0 . 0 7 
0 . 0 4 
0 . 0 3 
1 "• 9 
X O •^ 
TAl.i 3.2 
OSSfiiim) VALUHa OF MHMSHANE i^ SISTiMIC£ I^CoNn) /^ KD UmmfHB, CAPM^ITMC& 
Cy<;iP> AT VARKOU^  FRBllUaNQiaS R)H THS MamSH/MfiS SQUZUIiaATSO v,im O.IM 
i>OTA^ iSIUi& CHLOHIDB £U.UTX(JN, 
l£«Bbran«R Hlek«l phosph«t« Co)>«lt fshosphjt* C€M{XL«X niek«l-
proqtt«fiei«s cobalt photph«t« 
(Hi) I^(oh«i) C^{)iV) ^ l o h M ) C (^;»P) y o h » « ) C (^;«F) 
ISlO^ 320 0.7D 5iO 0.40 900 0.90 
2xJo' 2S0 0«6i 420 0.30 760 0.25 
3klO^ 200 O.SO 390 0 .24 710 0 .21 
4KJD^ IM 0.47 310 0.20 670 0.17 
SlCiO^ 140 0 .43 290 0.15 690 0.13 
6x10^ 135 0.39 285 0 .14 635 0.12 
D«idiAiofi(f^} » t 5 ohna D«¥l*tlofi (Cj^ ) » 0.005 >iF. 
<^ 
1,. 
X 
CL 
r 
lO 
! 
o <-~> L L . 
O 
I • ' 
ir> 
o 
O 
o 
O 
'-> 
0.) 
1-e 
r^ 
O 
v-^ 
£ 
-o 
re 
(J 
. J 
o 
o. 
o 
it 
c 
c: 
o 
o 
4» 
c 
o 
ffl 
o 
c: 
o 
o 
o 
o 
X 
o 
o 
x> 
c 
r8 
a. 
O 
r^  
( 
1 
A ! «V 
\ I,' Vli-^ \ l i 
* 
i 
1 
! 
. j 
— 
O 
o 
^ 
V 
o 
u 
o 
- o 
4^ 
> 
£ / 
O 
o 
</> 
o 
G_ 
C\. 
rC 
•03 
-^ 
*-> 
c 
<n 
•a) 
CO 
v ^ 
X 
c: 
•/I 
I . . 
j ^ 
o 
V 
ITS 
t l 
-)•-' rs 
o 
t ^ 
- X 
o 
2 : 
rtS 
• w 
u ^ 
,-•" 
^ 
^0 
SI 
a . 
1'' ^  
o 
c 
E 
v> 
o 
"2 -
< ^ 
X 
CO 
o 
a. 
G , 
O 
f— 
« 
4 - ' 
~ O 
ft! 
lO . 
a" 
o 
"U 
Zi 
•^ 
»_ V -
o 
•c 
o 
C_) 
J 
<L' 
J ^ 
• ^ 
— iZ! 
•»< 
"O ^ 
>. 
o 
t l ^ 
^ 
r) 
c 
o 
^^  
-
^ 
— O 
o 
V— 
o 
\/^  
v - ' 
o 
/". 
.•^ ) 
i^ o 
• o 
^^^ 
i : 
r -N 
CO 
^-^ 
X 
n^ 
ru 
O 
1 V 
—-" v< 
k/'i 
<4J 
"" 
e^  
^^  
'\. 
_-~ 5 . 
H . ^ 
o 
c:_ 
*-• 
^ 
. ; d 
O 
o 
/^x 
X 
O 
- y ' 
Iti J 
iuTts v i th in thc> as«r»brane in accordanee t^ith the ^c^ation 
for |>araLiQi pi at® capacitor. 
V'here <^  i » the cliolectrlc constant of the DMNBbrane Qat«ridi 
and *d* i s the effective thicknass of the BMBbran*. An 
incroaso in th^ concentratic^ of i<»ns in the o^robrane results 
in an increase in the value of & and an apparent decrease in 
the value of d. The decrease in the value of d aay be 
aseilbed to the de-«te@liim} of mmtbrma because of squeering 
of itater eioleeules fror^ the sei^brjme frwsm^'oA by the ineoeing 
ions. A similar effect of electrolyte concent r a t i cun on 
sembranes capacitance v^ as noted vdth parlodion isembranes by 
Lakshsdnarayanaiih and jhanes ( 2 7 ) . 
Various theoretical models for the sol id/electrolyte 
interfaces have been used to interpret the iaipedance charac-
te r is t ics under various conditions, in majority of cases an 
olectrocheeiical cel l i s better understood by a coctplieated 
net¥.oxk of resistances and capacitances <- the so called 
equivalent c i rcu i t . These show a coepleit behavior i n the 
coGiplex impedance plane from v^iich one can caldi late the COB)-
ponents of an equivalent c i rcui t of resistances and capacitances, 
i^th the Bieasur«iients on electrochemical ce l ls t the impedance 
of ^ e systeis can be evaluated and consecMently the equivalent 
c i rcui t is established ( 2 6 ) . 
i ' p 
in order to inveatigat* the lBip«dance behavior of 
the menibrane under consideration equivalent circuits for 
the rf^prosentation of necnbrane/electrolyte system have been 
anelysed frco experioiental data, the data for nickel ghoB^ 
phatot cobalt phosphate and nidcel-cobalt phc^phate Bembranes 
in contact «dth I t i electrolyte viere seen to be most fitted 
tdth the equivalent circuit as shoisn in Fig. 3.4 (Taole 3 .3 ; . 
This circuit accoxding to AZSiStrong represents a solid s»^ iooth 
surface in contact v%ith the penetrating electrolyte and 
refers the ideal impedance spectra on complex plane as 9h»m 
in Fivj. 3 .5 . there* Cg i s the specific gecoietiic capacit«ince 
which may be assutned to depcmd upon the stnwtural details of 
the polyoer netv*ork of vvhich the beK.branes are compo«ed| Cd i s 
the Interfacial double layer capacitance and H i s the bulk 
resistance of the eiecibrene. 
In the pres<mt study of neisorane/electrolyte systecnSf 
the cooplex tA&ne imped^we spectra i s shown in Fig. 3.6. The 
expodlctantal datts follovk the theoretical predictions at high 
frecfuency recjion v^horeas at lo«fv fx«quency region there i s a 
mazked deviation frop the ideal bi^avior. This type of 
behavior i s tmt unusual to these systems. This devlatic^ has 
ii&im attributed due to the roughness and nonhoosog^ieity of 
membranes (29* 30j . Thus the nerabrane/electrolyte system uider 
investigation n<ay be considered as a solid meebrane having 
intexnal resistance i^^ and a fixed capacitor Cg in parallel v;ith 
di 
cd 
._/^ 
Rx 
V' 
^ . -
C(i 
- - ^ t -
cd 
--o 
FI4. 3 4 Electr ic l equivalent c i rcu i t for the membrane-
electro ly te system. 
Xx 
Rx 
Fi(j. 3 5 I d e a l impedance spectra on complex plane 
for membrane e lec t ro ly te system. Arrow points 
towards increase tn applied frequency 
" 1 3 
TABLE 3 , 3 
CfLOJLAtm V;*,UH3 OP MS»3a'\NE aaACTANCtt X^<oh«) BJH THE *iifc.aHAN£4 
SQUZtlBRATEO MltH O.IM FOTAJaiUM C».OmOS AT DlffiiBSia UsiCILLAnm 
ll«iil>r«i« 
Frtqu«nei«t (H«) 
Niektl phoaphut* Cobalt phosphat* Camplwi niekaX* 
eobalt phosphat* 
>:,j(ehMa) X^lohia} X^Colwis; 
i«K>^ 
2x10' 
^10* 
4x10' 
UJO' 
6x10* 
227,50 
133.90 
106.1)6 
84.7D 
74.06 
6SJ3» 
398.00 
268.40 
2 2 i . l 6 
JL99.XX) 
212«3:> 
189,90 
530 .CXI 
318.90 
292.60 
234.00 
244.90 
221.00 
139 
i. 
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the rosistanco. in addition, i t has tiKo interfacial capaci«> 
tors Cd. Thase conduaion are in full agraamant t«ith tha 
basic postulates of Thaorell«4^iayar and siavars for the elac» 
txolyta/bMCibrana/elactcolyta systan as «all as our OM\ find-
ings of maeabrane pottnitial eteaaureffiants for such systaes. 
Tha non ideal behavior of a i&siibraR«/ale€trcl.yt« system as 
obtained by car>ple9( Okembraiwt impedance spectra* can also be 
confiBTtad by detefinining loss ai^le, ^ , A capacitor (26; 
fai ls to present & perfect and constat capacitance due to 
I R losses in the plates* connecting «4res* interfacial 
polarization and |io«^r loss in dielectric e tc . »hich i s 
usually described by the teze loss ^v^l*. In a perfect 
capacitor the i^ase angle between current I and volt age V i s 
90^ «vher@as the decrease in the phase angle represents the 
imperfectneas in the capacitor am shown in Fig* 3*7* For a 
perfect capacitor ^ « 90° and (f • O. ^^athamatically loss 
angle i s defined by 
tanS" » I /U) c^i\ . . . (2) 
rph&t9 thd symbols have their umial significance. 
The loss axiCjle S' c^ilcuiated at various electrolyte 
concentr«(tions and frequencies using equaition <2J for all the 
eembranes artt ciiven in tables 3*4 and 3.5. The values of loss 
angle increasea «dth irnrreasing electrolyte concentrations 
as vieil as a^plisd a.c. fr@c^ @ncied indicating thereby that 
> 
t 
I ! 
A 
/ 
/ 
© 
/x 
1'2 i 
Ir=r v / 
r,,-^ . O A P h a s e r R e p r e s e n t a t i o n cf r- - , , ^ 
V V- ^ « •»/ «, 
and R e s i s t i v e Components of cu r r en t 
tbroiifih the Membrace - e lec t . "c .y te ?5 
anj^ie and S is loss an&ie. 
"jaSt Z-^ 
J : ail 
i 'i; rrf 
TASLU 3 . 4 
C/CCULATH) V^Uao OF LOSS /44GLE ^ SK)H THii MiMaHAN&> USING DIFFiiHEf^T 
amcmrmnatis QF KCI • 
M«tirah«s Niek«l j ^ s p h a t * Oobalt lahosphat* Conplftx nick«l» 
CoRe«ntr«tlofit eob«lt photph«t« (MoI.A) 
2,0 32**, 24 ' 44®, 54 ' 43®, 42' 
1.0 21® 39®, IB' 32®, 42' 
0 . 1 54®. 3D' 92®. 33 ' 96®. 24' 
0 .01 39®, W 42®, 30' 41® 
0.001 29®, 18' 3P®, IB' 35®, 30 ' 
0.0001 26®, 33' 25®, 12 34®, 6' 
1,.; S-J 
TABLfi 3.5 
CALCULATE) VALUS3 OF LOSS WGLH ^ AT DIFFEHENT FHHQUaiCIES FOR tHfi 
KSlBR/^es IGUILZamTSD miH O.OiM KCl 3QLUTIUN, 
cm) 
ijiJO^ 
2x10^ 
auD* 
4hJ0^ 
9K 10^ 
6xlD^ 
Nlckd phosphut* 
5 4 ^ 3D' 
62**. 30 ' 
6 iS IB' 
63**, J»' 
6i**, 6 ' 
63° . 12 
Cobnlt pho«ph«t« 
aaS 30' 
57*>, 36' 
•W f 5^ 
57*». 36' 
5 4 ^ 6 
56«. 2 4 ' 
CoMl»x nlek«JL-
cobalt phosphate 
96®, 24 
6 6 ^ 84 ' 
1 D ^ 6 
7D«, 4 B ' 
69**, 42 ' 
70**. 48' 
h\i 
th« capacitors in the foim of n^nbx f^i* t«nd to«^ asdft Im^ jerw. 
fectn«>88. 
Froe. the equiVrflent circuit under consideration, th« 
total impedance i s giv^n by tho sciuation 
Z « - 2JKcd • '^  ^^^cd^ / t'^-^cd^ ••• ^^ '' 
itfider th9 condition of hiqh frec^uency* This Qqustion reduces 
to 
S ^g *^ d 
ttiti interfacial double layer theory (33) has been 
utilized in several studies to interpret the chan<|es in 
msfnbrane capacitance with electrolyte cc^centrations (31,32). 
the ^x»lari2atlon charge on the geoi&etrlc capacitor C in the 
foxBi of diffuse doubie layer plays an inportanrt role and 
affects the overall membrane capacitance c • For high electro-
lyte concentrations or significant surface charges (33,34), 
A/Cg'>>^ 2/CcJ ^'^ *^*^ St"~~^<3' ^^ ortJer to analyse the roeffibrins 
iffider investigation in text»s of geonetrlc capacitance c . and 
9 
interfacial capacitance, G^ ; the observed mecnbrane capacitance 
C in contact vdth high electrolyte comsent rati cms was taken 
equal to C • This approximation «vas found to be appropriate 
due to th€» fact that fseinorane capacitance vsas alcHost constant 
under high electrolyte concentration ranges, f^i&h tdcing this 
5 ! . 1 
value of C a» G » th© values of C^  at all other e leet io-
lyte cor)c«ntrM.lons vi«r» calculated ualrig equation 14). 
Ttieee values of C^  ar6 given in Tabie 3,6• It ia aectf) frem 
tatile 3.6 that the value of C . increases %^ iih increasing 
aiectxolyte ccsncentrations and that ^ e over i^dl nembran* 
capacitance Is laore dependent upon G^  values. 
on the oth^r h^d the double layer capacitance 
depends upon the fixed surface charge Cs wd the concwitra-
tion of bathing solution (35) as under. 
to t.i«) ^ 
6o • 6?,8S X 10 F/a» '^'^ ^ dlaelectric constant of v^ater 
and V^ i s the thickness of double layer and i s given by 
x/k « ( w^-';• . . . (6) 
v<here c i s the concentration of electrolyte, o^is a 
constat v^ h^ich takes into account the polarization charge 
arxi other structural details of the tbcobrane natrix. The 
values of G. calculated in this i%ay for all the sieobranes 
at different concent rati c^s vcere codparable to those obtained 
fzoa equaUon (4; (Table 3 .6) . 
Frt>BJ snuatlon (1) v^ e kno«v thaft C^  Is inversely 
proportional to the distance oetinreen the platers, i t may be 
TA<1.H 3 . 6 
CALCUtATffi \^ ALUE3 OF INTHaPAClAL DOUOLS LAYUR CAPACITANCE FHCIt* 
eOUATION ( 4 ) USING 0 9 3 S ^ E D MaUQBANg C A P / C I T A N C E mO FHM gqUATIQN ( S ) 
USING CHARMCTSiSSTXC M0^3!Wie CU^STANT <X|>Oi| MGMOH/^ a^ aJUIUaHATtiD 
m» OIFFHRS^T COMCSJTmnuNS OF K£l. 
MMbrnnot 
Concent rations 
(MoI.A) 
2 .0 
1.0 
0 . 1 
0 .01 
0.001 
Nickel 
PZOII 
fieri i4) 
e g -
2 . 4 uF 
4.800 
i.9ao 
0.230 
0.123 
0.061 
pho«$^at« 
FXOB 
Eqn.c5) 
ex: • 
8.8 
4.800 
IJOO 
0.480 
0.1S2 
0.046 
Cobalt phosi^atc 
Peon Fxon 
Cg « ocMi 
2 .0 uF 12 
6.660 
1.000 
0.100 
0.060 
0.043 
6.660 
2 . i 00 
0.660 
0.2IO 
0.07D 
Conplox nlckal. 
cobalt pho»phat4 fnm Froi 
e<yti4.! S(vii9) 
Cg • <=c« 
1.1 UF 6 
3.180 
U.830 
0.130 
0.083 
0.063 
3.180 
l . O Q O 
0.320 
0.100 
0.032 
u • 
conclude i th f^t by th» dmcT»»99 in ^ » •XtstTt^ytm cfsncantra* 
tiori across tha mcttbran** th« thidin»s« of the double layer 
ei^adtor increases and thdt the total tasBibrane capacitance 
i s double layer capacitance dependent* An exanination of 
Table 3.6 refers that C^  i s f&oxe doeinent «>lth decrease in 
the 1^octroiyte concentration. These conclusions suppoft 
our earlier findings vdth inorganic precipitate Rtosibranes 
that the double layer controls the diffusion processes pro* 
gressively at dilute concentrations and the effect of 
BieiBbrane tends to van i^ . 
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ft^HTftift^T 
(i) 
Transport ph«n<M«na in e«mliran«« hav* acquixttd consid«sw 
iitt* gigniflcane* during th« las t two cl«e«d«« bmcmt— of i t s 
diroct iepoct in dotalin^icn, ion sonser toohniquos* fuoi c*il 
t«ehnoLo9y« «l«ctcleal ttorag* batt«xi««t biology* mdicino 
«id in sovffral oth«r proc«s»«»« 7ti« invottigators fron various 
dioeiplinasf «*g«t chwdstst chasiieal* anginoors^ Batha»aticians» 
physicists and lalologists hav« contxltMitad axtanaivaly* although 
tha ais and starting points haw basn <|uita diffarant. Tha 
litaratura in this fiald i s anonous tout not ymry coharant. 
In ordar to substantiata the findings of transport 
studios of 8ianbr«iast tha thasis has baan roughly dividad into 
thraa ehaptarst although a cartain «oufit of ovaxiap has ooourrad. 
Thv» ftrst ehaptar consists of tha praparation and 
avalu«tion of affaetiva fixad ^arga dansity of pan^Mant 
supportad eoppar arsanita, coppar sul];Mda, coppar ehrosata* 
eoppar hydroxida, iron sulphida m^ agg ^«11 (fton agg and Duck 
agg) aaiibrinas. Tha Manbranas hava baan usad to saparata varioua 
I t l aiactrolytas of diffarant coneantrations and tha aia«brana 
potantilO. naasuremants hava baan nada in an isothaxsal condition. 
Tha sanbrana potanti al data hava baan usad to dariva various 
sMnbrana paranatars* vis.» eharga dansity» transport nusriaar of 
ions in MSMbrana phasa md tha pannsalactivity of tha naabranas. 
(ii) 
Th9 effective flx«d chazgs density of th« noaibranes, 
«^ch i s «n iBportant par«OM»t«r govennii^ iMmbrane flhenoo^rta, 
has bmm evaluated by uti l is ing the fundanental concept of 
Teorell, Meyer and sievers and the recently developed theore* 
tlcal equations of Kobatake et al« and Tasaka et al»» based 
on the pxinciples of irreversible thezBodynsBiics. The 
theoretical equations have been exaained for their validity 
to the systems itfider investigation. The charge density 
values* derived fron different nethods Mere foimd to be 
eos^arable and the theoretical predictions were bom out quite 
satisfactorily by the experinwttal results. 
The seccMTid chapter describes the specific conductance 
Beasurenents of parchoent supported iron sulphide «id copper 
ar«enite neebranes e<^ilibrated with differwit concentrations 
of imiMtniyalent electrolytes at different tes^Miratures. All 
th9 sieamirenents were nade at a fixed frequency of 1 K.Hz. 
The Benbrane ccmductance data have be^n uti l ised to calculate 
vaxious thexBodynanic paraBeters* v i z . , energy of activation, 
enthalpy of activation AK» entropy of activation A ^ and the 
free enez^y of activation -A F, by applying the theory of rata 
processes in ozder to understand the ionic transport through 
the Bembranes. The results indicate that the Beabranes are 
weakly charged in accordance t^ith the studies of Bwobrane 
potentials and the ionic species retain their hydration shell 
dti) 
atltfast parti i l l y whlXs diffusing through the membr^ no pores. 
Negativs A S values Aiggest that the partial iomobllixation 
of ions takes place most probably due to interst i t ia l p^nMation 
and ionic Interactlcvi «dth the fixed charge groups of membrane 
skeleton. The inter ionic equilibriuiB jump distance, d, has 
been calculated. 
In the third chapter, the neasureeienta Qi resistance 
and capacitance of parcNnent supported nickel phosphate, cobalt 
phosphate and a coaplex nickel»cobalt phosphate nenbr^nes, 
equilibrated vdth different conccmtraticms of potassiUM Florida 
and at various frequencies have \i%<K\ carried out. The electtical 
ecpjivalent circuit and the conplex inpedance spectra for all the 
iBembrane-electrolyte system has been vialysed from the data. 
The extent of deviatloi of the co«4)lex inpedance spectra of 
aenbrane^electrolyte systeais frooa the ideal case of solid ssooth 
electrode surface in ccMitact with penetrating electrolyte, has 
been attributed due to the roughness and non-honogeneity in 
awnbrane phase. Calculated values of loss angle confini this 
nofwideality of the nenbrane electrolyte systems. The progressive 
dominance of interfadal double layer capacitance over specific 
geonetzlc capacitance, atleast in dilute concentration ranges, 
has been interpreted in terns of the increased double layer 
thickness. 
